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ABSTRACT
STUDIES OF GRIGNARD REDUCTION REACTIONS
PART I .  REDUCTION YIELD ABERRATIONS 
IN THE REACTION OF t-BUTYL PHENYL 
KETONE WITH GRIGNARD REAGENTS
by
GAIL J .  LAMBERT
The e x p e r im e n ts  d e s c r ib e d  w ere d e s ig n e d  to  t e s t  th e  
h y p o th e s is  p u t  f o r t h  by R idgw ay, n am ely , t h a t  in t r a m o le c u la r  
pheny l-m agnesium  com plex ing  c o u ld  be r e s p o n s ib le  f o r  th e  
u n e x p e c te d ly  h ig h  r e d u c t io n  y ie ld  o b ta in e d  from  th e  r e a c t io n  
o f  t - b u t y l  p h e n y l k e to n e  w ith  th e  G rig n a rd  r e a g e n t  from  1- 
c h lo ro -4 -p h e n y lp e n ta n e .  In  th e  p r e s e n t  s tu d y  r e d u c t io n  
y i e ld s  in  e x c e s s  o f  88% w ere o b se rv e d  f o r  th e  r e a c t i o n  o f  
t - b u t y l  p h e n y l k e to n e  w i th  th e  fo llo w in g  G rig n a rd  r e a g e n t s :  
CH3CH(Ph)(CH2 ) nMgCl, PhCH2 (C H ^M g C l and CH^HCCgHj^) 
(CH2 ) nMgCl (n = 1 , 3 , 4 ) .  By c o n t r a s t ,  th e  r e a g e n ts  from
l- c h lo r o - 3 - p h e n y lb u ta n e ,  l - c h lo r o - 3 -p h e n y lp r o p a n e ,  and 1- 
c h lo r o - 3 - c y c lo h e x y lb u ta n e  (n = 2 i n  above fo rm u la s )  p roduced  
l e s s  th a n  80% y i e l d s  o f  r e d u c t io n  p ro d u c t., T hese  r e s u l t s  
i n d i c a t e  t h a t  r e d u c t io n  i s  a  v e ry  h ig h ly  f a v o re d  r e a c t i o n  
pathw ay f o r  t - b u t y l  p h e n y l k e to n e  e x c e p t w i th  th o s e  G rig n a rd  
r e a g e n ts  w h ich  c o n ta in  a  l a r g e  s u b s t i t u e n t  gamma to  m agnesium . 
M odels o f  p o s s ib l e  r e d u c t io n  modes s u g g e s t  t h a t  s t e r i c  r e ­
p u ls io n  betw een  t - b u t y l  p h e n y l k e to n e  and th e  G rig n a rd  r e a g e n t  
i s  g r e a t e r  when th e  p h e n y l o r  c y c lo h e x y l g ro u p  i s  gamma to  
m agnesium  th a n  when i t  i s  in  th e  2 , 4 , o r  5 p o s i t i o n s .
PART I I .  THE,MECHANISM OF 
BENZOPHENONE REDUCTION WITH 
THE 2 -NORBORNYL GRIGNARD REAGENT
The s te r e o c h e m is t ry  o f  th e  r e d u c t io n  o f  benzophenone 
w i th  th e  e x o -n o rb o rn y l  G rig n a rd  r e a g e n t  was d e te rm in e d  
u t i l i z i n g  e x o -2 -c h lo ro n o rb o rn a n e  la b e le d  w i th  d e u te r iu m  a t  
th e  3 -exo p o s i t i o n .  T re a tm e n t o f  th e  G rig n a rd  r e a g e n t  w ith  
a  q u a n t i t y  o f  benzophenone s to i c h i o m e t r i c a l l y  e q u iv a le n t  to  
th e  am ount o f  exo iso m e r , th e  re d u c in g  s p e c ie s ,  le d  to  
b e n z h y d ro l c o n ta in in g  th e  same p e rc e n ta g e  o f  d e u te r iu m  a s  
was p r e s e n t  a t  th e  3 - exo p o s i t i o n  o f  th e  G rig n a rd  r e a g e n t .  
C a rb o n a tio n  o f  th e  u n r e a c te d  G rig n a rd  r e a g e n t  p ro d u ced  en d o - 
n o r b o m a n e -2 - c a r b o x y l ic  a c id .  Thus r e d u c t io n  o f  ben zo ­
phenone i s  c h a r a c te r iz e d  by c i s  e l im in a t io n  o f  D and MgCl 
from  th e  e x o -n o rb o rn y l  G rig n a rd  r e a g e n t .
x  i v
GRIGNARD REDUCTION REACTIONS
A sid e  from  u n d e rg o in g  th e  w ell-know n a d d i t i o n  r e a c ­
t i o n ,  a ld e h y d e s  and k e to n e s  can  r e a c t  w i th  organom agnesium  
compounds in  a  num ber o f  o th e r  w ays. A ld o l ty p e  co n d en sa ­
t i o n s  can  be e f f e c t e d  a s  w e l l  a s  e n o l i z a t i o n  r e a c t i o n s ,  b o th  
o f  w hich  g iv e  r i s e  to  th e  p a r e n t  h y d ro c a rb o n  o f  th e  G rig n a rd  
r e a g e n t „ As w i th  a l l  th e s e  phenom ena, th e  r e d u c in g  power o f
c e r t a i n  organom agnesium  compounds was f i r s t  r e c o g n iz e d  by 
2
G rig n a rd  , who i s o l a t e d  a  sm a ll  q u a n t i t y  o f  b e n z y l a lc o h o l  
from  th e  r e a c t i o n  o f  b en za ld eh y d e  w ith  isoam ylm agnesium  
brom ideo S u b seq u en t s tu d i e s  r e v e a le d  t h a t  th e  an a lo g o u s  
r e d u c t io n  o f  k e to n e s  i s  g e n e r a l l y  more p ro n o u n c ed . E s se n ­
t i a l  to  an  u n d e r s ta n d in g  o f  t h i s  r e a c t i o n  was th e  f in d in g  
t h a t  c e r t a i n  s t r u c t u r a l  f e a t u r e s  o f  b o th  th e  k e to n e  and th e  
G r ig n a rd  r e a g e n t  prom oted r e d u c t io n  o v e r  th e  a d d i t i o n  r e a c ­
t i o n .
E a r ly  w o rk e rs  found t h a t  h in d e re d  k e to n e s  a r e  p rone
t o  r e d u c t io n ,  and t h a t  th e  e x te n t  t o  w hich  a  g iv e n  k e to n e  i s
3
re d u c ed  in c r e a s e s  w ith  th e  " s iz e "  o f  th e  G rig n a rd  r e a g e n t .
4
The w ork o f  W hitm ore and G eorge p o in te d  t o  se e m in g ly  con­
t r a d i c t o r y  c o r r e l a t i o n s  betw een  r e d u c t io n  y i e l d  and in c r e a s e d  
b ra n c h in g  a t  th e  ca rb o n  atom  b e ta  to  m agnesium , on one h an d , 
and betw een  r e d u c t io n  y i e ld  and th e  num ber o f  h y d ro g en s  b e ta  
t o  m agnesium , on th e  o t h e r .  The l a t t e r  c o r r e l a t i o n  can  be 
re g a rd e d  a s  a  r e l a t i o n s h i p  betw een  th e  am ount o f  r e d u c t io n  
and  th e  d e g re e  o f  b ra n c h in g  a t  th e  a lp h a  c a rb o n  o f  th e  
G r ig n a rd  r e a g e n t .  Of g r e a t  im p o rta n c e  was th e  d is c o v e ry  t h a t  
G r ig n a rd  r e a g e n ts  d ev o id  o f  b e ta  h y d ro g en s  a r e  in c a p a b le  o f  
r e d u c in g .  C o n s is te n t  w ith  t h i s  o b s e rv a t io n  i s  th e  r e p e a te d ly
2d e m o n s tra te d  f a c t  t h a t  r e d u c t io n  p ro d u ces  e q u im o la r  q u a n t i t i e s
o f  a lc o h o l  and an a lk e n e ,  o r ig i n a t i n g  from  b e ta  e l im in a t io n
5
in  th e  G rig n a rd  r e a g e n t .
A m echanism  c o m p a tib le  w ith  th e s e  o b s e rv a t io n s  was 
p ro p o sed  by W hitmore and in v o lv e s  a  r e v e r s i b l e  com plex 
fo rm a tio n  betw een  k e to n e  and G rig n a rd  r e a g e n t  fo llo w e d  by 
t r a n s f e r  o f  th e  b e ta  hydrogen  o f  th e  G rig n a rd  r e a g e n t  t o  th e  
k e to n e  v i a  a  q u a s i  s ix-m em bered  c y c l i c  t r a n s i t i o n  s t a t e  a s  
shown below  (F ig u re  1 ) .
X
F ig u re  1 . W hitm ore m echanism  f o r  G rig n a rd  r e d u c t io n .
S u b seq u en t to  t h i s  p ro p o s a l  Swain^ n o te d  t h a t  r e d u c -  . 
t i o n  i s  s u p p re s se d  in  f a v o r  o f  a d d i t io n  when th e  G rig n a rd  
r e a g e n t  i s  added t o  a  m ix tu re  o f  k e to n e  and m agnesium  b ro m id e . 
T h is  seemed t o  le n d  c re d e n c e  t o  th e  W hitmore m echanism  s in c e  
th e  s t r o n g e r  ke to n e-m ag n esiu m  brom ide com plex w ould p re c lu d e  
th e  fo rm a tio n  o f  th e  p o s tu la t e d  k e to n e -G rig n a rd  com plex 
n e c e s s a r y  f o r  hydrogen  t r a n s f e r ,  b u t  w ould n o t  h in d e r  th e  
a d d i t i o n  r e a c t i o n  (F ig u re  2) w h ich  p resu m ab ly  p ro c e e d s  v i a
3a  t e r m o le c u la r  t r a n s i t i o n  s t a t e .  H ow ever, th e  f a c t  t h a t
9
t h i s  e f f e c t  was o b se rv e d  w ith  p e n ta f lu o ro p ro p io n a ld e h y d e  
w h ich  do es  n o t  com plex w i th  magnesium  brom ide c a s t s  some 
d o u b t on th e  v a l i d i t y  o f  t h i s  c o n c lu s io n .
R1V  , ^ 2  R„










F ig u re  2 . A d d it io n  o f  a  G rig n a rd  R eag en t t o  K etone-M agnesium  
Brom ide Complex
D eu te riu m  la b e l in g  e x p e r im e n ts  have p ro v id e d  f u r t h e r  
e v id e n c e  in  s u p p o r t  o f  th e  W hitmore m e c h a n is m .^  When t r e a t e d  
w i th  benzophenone o n ly  th e  iso b u ty lm a g n e s iu m  brom ide c o n ta in ­
in g  d e u te r iu m  a t  th e  b e ta  p o s i t i o n  y ie ld e d  d e u te r a te d  b en z -  
h y d r o l .  A k i n e t i c  i s o to p e  e f f e c t ,  k j j /k p , o f  2 was o b se rv ed  
s u g g e s t in g  t h a t  th e  b e ta  hyd ro g en  i s  t r a n s f e r r e d  d u r in g  th e  
r a t e  d e te rm in in g  s t e p .
On th e  b a s i s  o f  th e  W hitmore m odel th e  a sy m m etric
r e d u c t io n  o f  k e to n e s - w i th  o p t i c a l l y  a c t i v e  G rig n a rd  r e a g e n ts
12can  be r a t i o n a l i z e d .  T h is  h as  c o n t r ib u te d  g r e a t l y  t o  i t s  
w ide a c c e p ta n c e .
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PART Io
REDUCTION YIELD ABERRATIONS IN 
THE REACTION OF t-BUTYL PHENYL 
KETONE WITH GRIGNARD REAGENTS
INTRODUCTION
I n  h i s  s tu d y  o f  lo n g  ra n g e  asy m m etric  in d u c t io n ,  
Ridgway o b se rv e d  a  se em in g ly  anom alous t r e n d  in  r e d u c t io n  
y i e l d s  from  th e  r e a c t i o n  o f  t - b u t y l  p h en y l k e to n e  w i th  th e  
s e r i e s  o f  o p t i c a l l y  a c t i v e  G rig n a rd  r e a g e n ts  shown i n  T ab le  
1- 1 .
TABLE 1 -1
REACTION OF t-BUTYL PHENYL KETONE WITH GRIGNARD REAGENTS 




* I t  i s  n o t  known w h e th e r  th e s e  y ie ld s  w ere o b ta in e d  by nmr 
o r  g lpco
L ack ing  an  a lp h a  hydrogen  n e c e s s a ry  f o r  e n o l i z a t i o n  
and c o n d e n s a tio n , t - b u t y l  p h e n y l k e to n e  can  u n d e rg o  o n ly  th e  
a d d i t i o n  and r e d u c t io n  r e a c t i o n s .  When s t e r i c  h in d ra n c e  i s  
g r e a t ,  a s  in  th e  c a s e  o f  t - b u t y l  p h en y l k e to n e  w i th  b u lk y  
r e a g e n t s ,  r e a c t i o n  by th e  a d d i t io n  pathw ay i s  g e n e r a l l y  
slow ed  w ith  r e s p e c t  to  r e d u c t io n .  However, th e  e v id e n c e  to  
d a te  s u g g e s ts  t h a t  th e  amount o f  r e d u c t io n  d e c r e a s e s  a s  th e  
b ra n c h in g  in  th e  G rig n a rd  r e a g e n t  becomes f u r t h e r  removed 
from  th e  r e a c t i o n  s i t e .  T hus, i t  was e x p e c te d  t h a t  th e  r e ­
d u c t io n  y ie ld  from  th e  r e a c t io n  o f  t - b u t y l  p h e n y l k e to n e  
w i th  4 -p h e n y l- l-p e n ty lm a g n e s iu m  c h lo r id e  w ould be lo w er th a n  
t h a t  w i th  3 -p h e n y l-1 -b u ty lm a g n e s iu m  c h l o r id e .  C le a r ly  t h i s
7was n o t  th e  c a se  i n  Ridgway* s e x p e r im e n ts .
The b e h a v io r  o f  t - b u t y l  p h e n y l k e to n e  tow ard  G rig n a rd  
r e a g e n ts  h a s  n o t  been  s tu d ie d  e x t e n s iv e ly .  The few  i s o l a t e d  
r e a c t i o n s  w hich  hav e  been  r e p o r te d  (T ab le  1 -2 )  a r e  o f  no a id  
i n  th e  i n t e r p r e t a t i o n  o f  th e s e  r e s u l t s .
TABLE 1-2
REPORTED REACTIONS OF t-BUTYL PHENYL KETONE 
WITH REDUCING GRIGNARD REAGENTS
R eag en t R e d u c tio n  Y ie ld
CH3CH2CH(CH3 )CH2MgCl 987.*
(CH3 ) 2CHMgCl 97%b
(CH3 ) 3CMgCl 1007oC
R. MacLeod, F . J .  W elch and H. S . M osher, J .  Amer. Chem.
S o c . ,  82 , 877 (1 9 6 0 ).
b B. F . Landrum and C. T . L e s t e r ,  i b i d . ,  7 6 , 5797 (1 9 5 4 ).
Q
G. A. Ropp, R. W„ K ennedy, B. F . Landrum and C. T . L e s t e r ,
J .  O rg . Chem. , 2 3 , 1557 (1 9 5 8 ).
As a  t e n t a t i v e  r a t i o n a l i z a t i o n  o f  h i s  l im i t e d  o b s e r ­
v a t i o n s  Ridgway p o s tu l a t e d  an  in t r a m o le c u la r  c o m p le x a tio n  
b e tw een  m agnesium  and th e  p h en y l g roup  i n  4 - p h e n y l - l - p e n ty l -  
m agnesium  c h l o r id e .  Such co m p le x a tio n  p re su m ab ly  w ould c au se  
th e  r e a g e n t  t o  be b u l k i e r  th a n  th e  uncom plexed lo w er hom ologues 
a n d , h e n c e , le a d  t o  a  h ig h e r  y i e ld  o f  r e d u c t io n  p ro d u c t 
(F ig u re  I - l ) .  Ridgway s p e c u la te d  t h a t  lo w er hom ologues would 
n o t  com plex in t r a m o le c u la r ly  b e ca u se  th e  s h o r t e r  c h a in  l e n g th  
w ould p re v e n t  m agnesium  and th e  p h en y l r in g  from  coming c lo s e  
enough  to  a l lo w  p i -b o n d in g .
8Ph.
'  C JB U\H
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F ig u re  1 -1 . R e a c tio n  o f  t - B u ty l  P h en y l K etone w i th  an
I n t r a m o le c u la r ly  Complexed G rig n a rd  R e a g e n t.
B eh a v io r  o f  t h i s  ty p e  i s  n o t  e n t i r e l y  w ith o u t
p re c e d e n t  in  o th e r  o rg a n o m e ta l l ic  sy s te m s . I n t r a m o le c u la r
p h e n y l-m e ta l  com plex ing  h a s  b een  o b se rv ed  i n  7 -a iy lp ro p y l-
2
m ercu ry  com pounds. F u r th e rm o re , G rig n a rd  r e a g e n ts  from  
c e r t a i n  4 ,5 -  and 5 , 6 - u n s a tu r a te d  c h lo r id e s  r e p o r t e d ly  u n d e r ­
go in t r a m o le c u la r  a d d i t i o n  r e a c t io n s  t o  g iv e  c y c l i c  h y d ro -  
3
c a rb o n s .  C o n c e iv a b ly  th e s e  r e a c t io n s  co u ld  be p re c e d e d  by 
an in t r a m o le c u la r  m ag n esiu m -p i bond com plex .
The p r e s e n t  w ork was u n d e r ta k e n  a s  a  t e s t  o f  R idgw ay1s 
h y p o th e s i s .  The f i r s t  s te p  tow ard  t h i s  end w ould be th e  
v e r i f i c a t i o n  o f  th e  i n i t i a l  o b s e r v a t io n .  The r e a c t i o n s  o f  
t - b u t y l  p h e n y l k e to n e  w i th  3 - p h e n y l - 1-b u ty lm ag n esiu m  c h lo r id e  
and 4 - p h e n y l - 1 -p en ty lm ag n e siu m  c h lo r id e  w ould have t o  be 
r e p e a te d .  The t r u e  lo w e r hom ologue o f  t h i s  s e r i e s ,  n am ely ,
2 -p h e n y l- l-p ro p y lm a g n e s iu m  c h lo r id e  w ould be u sed  r a t h e r  
th a n  2 -p h e n y l- l-b u ty lm a g n e s iu m  c h l o r id e .  The r e a c t i o n  s e r i e s  
w ould be e x te n d e d  t o  in c lu d e  5 -p h e n y l- l-h e x y lm a g n e s iu m
9c h lo r id e  w hich  w ould n o t  be e x p e c te d  to  com plex in t r a m o le c ­
u l a r  ly„
t - B u ty l  p h e n y l k e to n e  w ould th e n  be t r e a t e d  w i th  th e
c o r re s p o n d in g  s a tu r a t e d  s e r i e s  o f  G rig n a rd  r e a g e n t s ,
CH^CHCCgH^^) (CH^^MgCl (n  = 1 -4 )  and w ith  a  s im i l a r  s e r i e s
o f  p h e n y l s u b s t i t u t e d  G r ig n a rd  r e a g e n t s ,  PhCH ^(CI^^M gCl
(n  = 1 - 4 ) .  The v a l i d i t y  o f  Ridgway* s h y p o th e s is  r e q u i r e s
t h a t  th e  r e d u c t io n  y i e ld  t r e n d  o b se rv ed  f o r  CHgCH(Ph) ( C I ^ ^
MgCl be p a r a l l e l e d  by PhCI^ (CK^^M gCl b u t  t h a t  r e d u c t io n
y i e l d  d e c re a s e  w i th  in c r e a s in g  v a lu e  o f  n  f o r  CH0CH (C,H ,- )
J  o  1JL
(CH«) MjgCl. z n
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DISCUSSION
The t h r e e  s e r i e s  o f  c h lo r id e s  n eeded  f o r  th e  d e v is e d  
e x p e r im e n ts ,  CH3CH(Ph) ( C H ^ C l ,  CH3CH(C6H1;L) ( C H ^ C l ,  and 
PhCH^CHLj) C l (n  = 1 - 4 ) ,  w ere p re p a re d  by th e  r e a c t i o n  o f  
th e  c o r re s p o n d in g  a lc o h o ls  w ith  t h io n y l  c h lo r id e  i n  th e  
p r e s e n c e  o f  p y r id in e  (Scheme F , F ig u re  1 - 2 ) .  Only two o f  
th e  a l c o h o l s ,  2 - p h e n y l - l - e th a n o l  and 3 - p h e n y l - l - p r o p a n o l ,  
w ere c o m m e rc ia lly  a v a i l a b l e „ L ith iu m  alum inum  h y d r id e  r e ­
d u c t io n  o f  com m ercia l 4 -p h e n y lb u ta n o ic  a c id  and 2 -p h e n y lp ro -  
p io n a ld e h y d e  p ro v id e d  4 - p h e n y l - l - b u ta n o l  and 2 - p h e n y l - l -  
p ro p a n o l ,  r e s p e c t i v e l y  (Scheme D, F ig u re  1 -2 )„  F r i e d e l -  
C r a f t s  a l k y l a t i o n  o f  b en zen e  w i th  c r o to n ic  a c id  gave
3 -p h e n y lb u ta n o ic  a c id *  (Scheme B, F ig u re  1 -2 )  w h ich  was 
s u b s e q u e n t ly  re d u c e d  t o  th e  a lc o h o l  (Scheme D, F ig u re  1 - 2 ) .
The s a tu r a t e d  a l c o h o l s ,  CH0C (C -H ,, ) (CH0 ) OH (n = 1 ,3 6 11 2 n  7
3 , 4 ) ,  w ere p re p a re d  by c a t a l y t i c  h y d ro g e n a tio n  o f  th e
a n a lo g o u s  a ro m a tic  compounds o v e r  5% Rh/C i n  95% e th a n o l  
and g l a c i a l  a c e t i c  a c id  a t  room te m p e ra tu re  and 60 p s i  
(Scheme E , F ig u re  1 - 2 ) .  G la c i a l  a c e t i c  a c id  was n o t  em ployed 
i n  th e  p r e p a r a t i o n  o f  3 - c y c lo h e x y l - l - b u ta n o l ,  s in c e  s e v e r a l  
i m p u r i t i e s  form ed when i t  w as.
*A c o n s id e r a b le  amount o f  po lym er was form ed in  t h i s  r e a c t i o n ,  
som etim es w i th  th e  e x c lu s io n  o f  th e  d e s i r e d  p r o d u c t .  A 
la r g e  b a tc h  o f  3 -p h e n y lb u ta n o ic  a c id  was p re p a re d  by an 
a l t e r n a t e  m ethod shown in  Scheme C, F ig u re  1 -2 .
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Ph(CH2 ) 4C l 
CH3CH(Ph)(CH2 ) n C l
c h 3ch= chcooh
Scheme A
1 . Mg, C0£
2 . H+
Scheme B
benzene  . 
A lC lo
Ph(CH2 ) 4C00H 
CH3CH(Ph)(CH2 ) n COOH 
(n  = 2 -3 )
CH3CH(Ph)CH^COOH
Scheme C

















60 p s i  
5 0 h 7c  1
CH3CH(Ph)CH2OH . 
Ph(CH2 ) nCH2 0H (n  = 3 ,4 )  
CH3CH(Ph) (CH2 ) n CH2 0H 
(n  = 1 -3 )
O H ^H C C gH j^K C H ^O H
Scheme F 
S0C1„
CH3CH(Ph) ( C K ^ ) ^
P h C H ^C H ^O H
CH3CH(Ph)(CH2 ) n OH p y r id in e  w  CH3C H (P h )(C H ^ C l
CH gCHCCgH^CCH^OH n = 1 -4  CH3CH(C6H11) (CH2 ) n C l
F ig u re  1 - 2 .  P r e p a r a t io n  o f  S t a r t i n g  M a te r i a l s 0
PhGH^CCI^) C l
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The r e a c t i o n  o f  2 -p h e n y l-1 -p ro p a n o l w i th  t h io n y l  
c h lo r id e  le d  t o  an  in s e p a r a b le  m ix tu re  o f  l - c h l o r o - 2 - p h e n y l- 
p ro p an e  and 2 - c h lo ro - l -p h e n y lp r o p a n e 0 T h is  d i f f i c u l t y  was 
e v e n tu a l ly  c irc u m v e n te d  by ru n n in g  th e  r e a c t i o n  a t  - 10° in  
a  l a r g e  e x c e s s  o f  p y r id in e .  A low y i e l d  o f  97% p u re  1 - 
c h lo ro -2 -p h e n y lp ro p a n e  was o b ta in e d  i n  t h i s  m an n er. An 
a t te m p t  t o  p r e p a re  th e  p u re  c h lo r id e  b y  r e a c t i o n  o f  2 -p h e n y l-  
1 -p ro p a n o l  w i th  p h o sp h o ru s  t r i c h l o r i d e  was u n s u c c e s s f u l .
The s t r u c t u r e s  o f  a l l  p ro d u c ts  w ere co n firm e d  by 
i n f r a r e d  and n u c le a r  m ag n e tic  re so n a n c e  s p e c t r a .  The 
c h lo r id e s  w ere a t  l e a s t  97% p u re  as  d e te rm in e d  by g lp c  
a n a l y s i s .
The G rig n a rd  r e a g e n ts  o f  a l l  c h lo r id e s  w ere p re p a re d  
fro m  d o u b ly  su b lim ed  m agnesium  i n  d i e t h y l  e t h e r .  A lth o u g h  
c o n t r o l  e x p e r im e n ts  in d ic a te d  t h a t  m agnesium  a lk o x id e s  d e ­
r iv e d  from  G rig n a rd  r e a g e n ts  o f  th e  ty p e  s tu d ie d  re d u c e  
t - b u t y l  p h en y l k e to n e  to  a  v e ry  l im i t e d  e x t e n t ,  i ; e .  6 - 7%, 
an  e f f o r t  was made to  m in im ize t h e i r  f o rm a t io n .  To t h i s  
end  th e  G rig n a rd  r e a g e n ts  w ere p re p a re d  u n d e r  a rg o n  w h ich  
had  been  p a s se d  th ro u g h  an  e t h e r e a l  s o lu t i o n  o f  th e  sodium  
k e t y l  o f  benzophenone , a  known oxygen s c a v e n g e r  w h ich  a ls o  
s e rv e d  a s  a  d r y in g  a g e n t .  D i s t i l l a t i o n  o f  d i e t h y l  e t h e r  
fro m  l i th iu m  alum inum  h y d r id e  p re c lu d e d  th e  fo rm a tio n  o f  
m agnesium  a lk o x id e s  from  th e  r e a c t i o n  o f  th e  G rig n a rd  r e a g e n ts
w i th  th e  d i e t h y l  e t h e r  p e r o x id e ,  exam ples o f  w h ich  h av e  been  
5c i t e d .  I n  s p i t e  o f  th e  p r e c a u t io n s  ta k e n ,  s m a ll  am ounts 
o f  a lk o x id e s  d id  form  (p ro b a b ly  d u r in g  th e  f i l t r a t i o n  s t e p ) .  
F o r  th e  w ork a t  h a n d , a  sm a ll  q u a n t i t y  o f  a lk o x id e  c o u ld  be 
t o l e r a t e d ,  w h ereas  an u n f i l t e r e d  r e a g e n t  c o n ta in in g  a  s o l i d  
o f  unknown c o n s t i t u t i o n  w ould be u n a c c e p ta b le .
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The G rig n a rd  r e a g e n ts  from  th e  c h lo r id e s  o f  th e  two 
a ro m a tic  s e r i e s  form ed more r e a d i l y  th a n  th o s e  o f  th e  s a t u r ­
a te d  s e r ie s o  R e a c tio n s  o f  th e  l a t t e r  had t o  be i n i t i a t e d  
w i th  e th y le n e  b ro m id e . I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  a l l  
th e  r e a g e n ts  w ere c o l o r l e s s  e x c e p t  th o s e  from  l - c h l o r o - 2 -  
p h e n y le th a n e  and l - c h l o r o - 2 -p h e n y lp ro p a n e , w h ich  w ere l i g h t  
g r e e n .
The c l e a r  G rig n a rd  r e a g e n ts  w ere t i t r a t e d  d i r e c t l y  
a c c o rd in g  t o  th e  r e c e n t l y  d e v e lo p ed  m ethod o f  E astham  and
g
W atson. I n  t h i s  p ro c e d u re  a  s o lu t io n  o f  2 - b u ta n o l  in  
x y le n e  i s  added u n t i l  th e  d is a p p e a ra n c e  o f  th e  v i o l e t  c o lo r  
due to  th e  c h a r g e - t r a n s f e r  com plex betw een  th e  G rig n a rd  
r e a g e n t  and added 1 ,1 0 -p h e n a n th r o l in e .  T h is  p ro c e d u re ,  u n ­
l i k e  th e  h i t h e r t o  w id e ly  u sed  a c id - b a s e  t i t r a t i o n ,  i s  n o t a  
m easu re  o f  th e  t o t a l  b a se  c o n te n t  and i s ,  t h e r e f o r e ,  a  more 
a c c u r a te  e s t im a te  o f  th e  amount o f  G rig n a rd  r e a g e n t  p r e s e n t .
E ach  o f  th e  G rig n a rd  r e a g e n ts  was t r e a t e d  w i th  a 
s to i c h io m e t r i c  am ount o f  t - b u t y l  p h en y l k e to n e .  T hese  r e a c ­
t i o n s  w ere c h a r a c te r iz e d  by th e  g e n e r a t io n  o f  h e a t  and th e  
a p p e a ra n c e  o f  a  y e llo w  c o lo r  w hich  fad e d  a s  a  w h ite  p r e c ip ­
i t a t e  fo rm ed . The c o lo r  was p ro b a b ly  due t o  th e  i n i t i a l  
com plex betw een  G rig n a rd  r e a g e n t  and k e to n e .
The y i e l d  o f  t - b u ty lp h e n y lc a r b in o l ,  th e  r e d u c t io n  
y i e l d ,  was o b ta in e d  in  th e  fo llo w in g  m anner. An a c c u r a t e ly  
w eighed q u a n t i t y  o f  a  s ta n d a rd  was added to  th e  h y d ro ly z e d  
r e a c t i o n  m ix tu r e s ,  w hich  w ere th e n  a n a ly z e d  by  g lp c  u s in g  
c o n d i t io n s  u n d e r  w hich  th e  th e rm a l c o n d u c t iv i ty  d e t e c t o r  
re sp o n ses  o f  c a r b in o l  and s ta n d a rd  had been  com pared . The 
amount o f  t - b u ty lp h e n y lc a r b in o l  p r e s e n t  was c a l c u l a t e d  from  
th e  c o r r e c te d  r a t i o  o f  i t s  p eak  a r e a  to  t h a t  o f  th e  s ta n d a r d .  
R e d u c tio n  y i e l d s  from  d u p l i c a t e  r e a c t i o n s  d i f f e r e d  by no 
more th a n ,  and g e n e r a l l y  by l e s s  th a n ,  4% when d e te rm in e d
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i n  t h i s  m an n er.
I n  o r d e r  t o  a v o id  p o s s ib le  lo s s  o f  r e d u c t io n  p ro d u c t 
by a d s o r p t io n  on th e  d ry in g  a g e n t ,  a n a ly s e s  w ere c o n d u c ted  on 
th e  w et e t h e r e a l  m ix tu r e s .  The two s ta n d a rd s  u s e d ,  1 -p h e n y l-  
e th a n o l  and NOPOL (6 , 6 - d im e th y lb ic y c lo [ 3 .1 .1 ] h e p t - 2 - e n e - 2 -  
e th a n o l )  had  r e t e n t i o n  tim e s  c lo s e  t o  t h a t  o f  th e  r e d u c t io n  
p ro d u c t b u t  d i f f e r e n t  from  any com ponent o f  th e  m ix tu re .  
R e te n t io n  tim e s  o f  p o s s ib le  com ponents su c h  a s  u n r e a c te d  
c h l o r id e ,  a lc o h o l  from  m agnesium  a lk o x id e ,  and u n r e a c te d  
k e to n e  w ere p re d e te rm in e d  t o  in s u r e  t h a t  th e y  w ere d i f f e r e n t  
from  t h a t  o f  t - b u ty lp h e n y lc a r b in o l .  On th e  colum ns u se d  
h y d ro c a rb o n  p eak s  a p p e a r  e a r l i e r  and a d d i t i o n  p ro d u c ts  
a p p e a r  l a t e r  th a n  th e  p eak  due t o  th e  s e c o n d a ry  a l c o h o l .
I n i t i a l l y ,  d e te r m in a t io n  o f  th e  am ount o f  t - b u t y l -  
p h e n y lc a r b in o l  p ro d u ced  in  th e s e  r e a c t io n s  was a tte m p te d  by 
d i s t i l l a t i o n  o f  p ro d u c ts  fo llo w e d  by g lp c  a n a ly s i s  o f  e a c h  
f r a c t i o n .  The amount o f  c a r b in o l  in  e a c h  f r a c t i o n  was co n ­
s id e r e d  to  be th e  p ro d u c t o f  th e  w e ig h t o f  th e  f r a c t i o n  and 
th e  r a t i o  o f  th e  a r e a  o f  th e  c a r b in o l  p eak  t o  th e  sum o f  th e  
a r e a s  o f  a l l  p e a k s .  P o s s ib le  d i f f e r e n c e s  i n  th e  th e rm a l 
c o n d u c t iv i ty  o f  th e  com ponents o f  e a c h  m ix tu re  w ere n e g le c ­
te d  s in c e  p u re  sam ples o f  some o f  th e  com ponents w ere u n ­
a v a i l a b l e .  I t  was e v e n tu a l ly  r e a l i z e d ,  h o w ev er, t h a t  th e  
v a lu e s  o f  r e d u c t io n  y ie ld  o b ta in e d  in  t h i s  m anner c o u ld  
d i f f e r  by a s  much a s  20% from  one d e te r m in a t io n  t o  th e  n e x t!  
T h is  p ro c e d u re  w as , t h e r e f o r e ,  abandoned i n  f a v o r  o f  th e  
i n t e r n a l  s ta n d a rd  m ethod . C om parison o f  th e  r e d u c t io n  y i e ld s  
o b ta in e d  from  th e  two m ethods r e v e a le d  t h a t  a l th o u g h  a  few 
o f  th e  v a lu e s  w ere th e  sam e, th o s e  o b ta in e d  u s in g  an  i n t e r n a l  
s ta n d a rd  w ere g e n e r a l l y  s u s t a n t i a l l y  h ig h e r  th a n  th o s e  o b ­
t a in e d  by th e  o r i g i n a l  m ethod .
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The r e s u l t s  o f  th e  r e d u c t io n  r e a c t io n s  a r e  g iv e n  in  
T a b le  1 -3 .  In  ag reem en t w i th  Ridgway’ s o b s e r v a t io n ,  t - b u t y l  
p h e n y l k e to n e  was red u c ed  to  a  much g r e a t e r  e x te n t  by 4 -  
p h e n y l- l-p e n ty lm a g n e s iu m  c h lo r id e  th a n  by 3 - p h e n y l - l - b u ty l -  
m agnesium  c h l o r id e .  How ever, a  n e a r ly  q u a n t i t a t i v e  y i e l d  
o f  s e c o n d a ry  c a r b in o l  was o b ta in e d  n o t  o n ly  w i th  2 - p h e n y l - l -  
p ropy lm agnesium  c h lo r id e  a s  e x p e c te d ,  b u t a l s o  w i th  5 -p h e n y l-  
1 -hexy lm agnesium  c h l o r id e .  R idgw ay1s h y p o th e s is  i s  c h a l le n g e d ,  
b u t  n o t  n e c e s s a r i l y  n e g a te d ,  by th e  l a t t e r  o b s e r v a t io n .  
I n t r a m o le c u la r  p h e n y l m agnesium  com plex ing  i n  5 - p h e n y l - l -  
hexylm agnesium  c h lo r id e  le a d in g  to  a  l a r g e r  r i n g ,  th o u g h  
u n e x p e c te d , c a n n o t be e x c lu d e d  by t h i s  e v id e n c e  a lo n e .
H ow ever, th e  r e d u c t io n  t r e n d  o b se rv ed  f o r  CH^CH(Ph) 
(C ^ ^ M g C l (n = 1 -4 )  was p a r a l l e l e d  by th e  c o r re s p o n d in g  
s a tu r a t e d  r e a g e n ts  a s  w e l l  a s  th e  r e a g e n ts  from  th e  o th e r  
a ro m a tic  s e r i e s ,  PhCH^(CH2 >nMgCl. I f  i n t r a m o le c u la r  p h en y l 
m agnesium  com plex ing  w ere r e s p o n s ib le  f o r  th e  h ig h  r e d u c t io n  
y i e l d s  o b ta in e d  from  th e  G rig n a rd  r e a g e n ts  c o n ta in in g  p h en y l 
in  th e  4 -  o r  5 - p o s i t i o n ,  th e n  th e  r e d u c t io n  y i e ld s  from  th e  
s a tu r a t e d  G rig n a rd  r e a g e n t s ,  CH^CHCCgH^^) (C l^ ^ M g C l, sh o u ld  
have d e c re a s e d  w i th  in c r e a s in g  v a lu e  o f  n .  T h u s , i t  a p p e a rs  
t h a t  th e  o b se rv e d  te n d e n c y  t o  u n d e rg o  r e d u c t io n  i s  an  i n ­
t r i n s i c  p r o p e r ty  o f  t - b u t y l  p h e n y l k e to n e  r a t h e r  th a n  a  
co n seq u en ce  o f  in t r a m o le c u la r  com plex ing  in  th e  G rig n a rd  
r e a g e n t s „
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TABLE 1 -3  
REDUCTION OF t-BUTYL PHENYL KETONE 
WITH GRIGNARD REAGENTS
P h -C -t-B u  + RMgCl Ph-C H -t-B u
I
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I n s p e c t io n  o f  T a b le  1 -3  r e v e a l s  t h a t  G r ig n a rd  r e a ­
g e n ts  w i th  a  l a r g e  s u b s t i t u e n t  a t  th e  gamma p o s i t i o n  g iv e  
low er r e d u c t io n  y ie ld s *  r e l a t i v e  t o  th o s e  o b ta in e d  from  
r e a g e n ts  w ith  th e  s u b s t i t u e n t  a t  o th e r  p o s i t i o n s  ( b e ta  and 
m ore rem o te  th a n  gamma). I t  a p p e a rs  t h a t  crow ding  a d ja c e n t  
t o  a  b e ta  h y d rogen  h in d e r s  th e  t r a n s f e r  o f  t h i s  h y d ro g en . 
T h is  e f f e c t  can  be r a t i o n a l i z e d  in  g r e a t e r  d e t a i l  u s in g  
r e d u c t io n  mode m o d e ls . However, a  num ber o f  u n p ro v a b le  
a s su m p tio n s  a b o u t th e  r e a c t i o n  to p o lo g y  m ust be made 
r e n d e r in g  su ch  an  a p p ro a c h  h ig h ly  s p e c u la t iv e .
R ec en t d e u te r iu m  l a b e l in g  e x p e r im e n ts  i n d i c a t e  t h a t  
th e  r e d u c t io n  o f  t - b u t y l  p h en y l k e to n e  w i th  ra cem ic  la b e le d  
3 -p h e n y l-1 -b u ty lm a g n e s iu m  c h lo r id e  p ro c e e d s  w i th  p r e f e r ­
e n t i a l  t r a n s f e r  o f  th e  p ro -S  hydrogen  from  th e  R e n a n tio m e r  
and o f  th e  p ro -R  hyd ro g en  from  th e  S e n a n tio m e r .^  T h is  o b ­
s e r v a t io n  to g e th e r  w i th  th e  f a c t  t h a t  th e  u n la b e le d  S 
r e a g e n t  le a d s  t o  an e x c e s s  o f  th e  S c a r b in o l  s u g g e s ts  t h a t  
1 i s  th e  p r e f e r r e d  s t e r e o c o r r e l a t i o n  m odel f o r  th e  r e a c t i o n  
o f  th e  R r e a g e n t  and 2 i s  t h a t  p r e f e r r e d  f o r  th e  S r e a g e n t .  
I f  th e  m ost fa v o re d  r e a c t i o n  modes f o r  a l l  G r ig n a rd  re d u c ­
t i o n  r e a c t io n s  a r e  c o n s id e re d  t o  be th o s e  in  w hich  th e  
s m a ll  g ro u p  o f  th e  k e to n e  opposes th e  la r g e  group  i n  th e  
G rig n a rd  r e a g e n t  and v ic e  v e r s a , th e n  th e  m ost f a v o ra b le  
i n t e r a c t i o n s  f o r  th e  r e a c t io n s  u n d e r  c o n s id e r a t io n  a r e  th o s e  
l i s t e d  i n  T a b le  1 -4 .
*G lpc a n a ly s i s  in d ic a te d  th e  p re s e n c e  o f  a d d i t io n  p ro d u c t  
th e  amount o f  w h ich  was n o t  d e te rm in e d .
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TABLE 1 -4
FAVORABLE INTERACTIONS IN THE REDUCTION 
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I n  th e  p r e f e r r e d  r e a c t io n  mode le a d in g  t o  th e  r e d u c ­
t i o n  o f  t - b u t y l  p h en y l k e to n e  by 2 -p h e n y l- l-p ro p y lm a g n e s iu m  
c h lo r id e  (3) th e  s t e r i c  r e p u ls io n  betw een  o p p o sin g  g ro u p s  i s  
n o t  s e v e r e .  By v i r t u e  o f  t h e i r  a tta c h m e n t t o  th e  b e ta  c a rb o n  
o f  th e  G rig n a rd  r e a g e n t ,  m e th y l and p h en y l a r e  p o in te d  away 
from  p h e n y l and t - b u t y l ,  r e s p e c t i v e l y .  In  th e  c o r re s p o n d in g  
r e d u c t io n  mode f o r  3 -p h e n y l-1 -b u ty lm a g n e s iu m  c h lo r id e  (JL) 
th e r e  i s  v e ry  l i t t l e  i n t e r a c t i o n  betw een  h y d ro g en  (H^) and 
th e  p h e n y l g ro u p  o f  th e  k e to n e . However, c o n s id e ra b le  
s t e r i c  i n t e r f e r e n c e  betw een  t - b u t y l  and b o th  m e th y l and 
p h en y l i s  g e n e ra te d  by r o t a t i o n  ab o u t th e  C-2 -  C-3 bond in  
th e  G r ig n a rd  r e a g e n t .  A lth o u g h  n o t  im m e d ia te ly  o b v io u s  from  
th e  d ra w in g s , s t e r i c  i n t e r a c t i o n  betw een  th e  k e to n e  and th e  
G rig n a rd  r e a g e n ts  o f  th e  h ig h e r  hom ologues i s  l e s s  s e v e r e .  














4 a  R = -CH(Ph)(CH3 )
5 a  R = -CH2CH(Ph)(CH3) 






4b R = -CH(Ph)(CH3 )
5b R = -CH2CH(Ph)(CH3 ) 
6b R = Ph
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low e n e rg y  c o n fo rm a tio n s  (4 a , 4 b , 5 a , 5 b ) .  Much o f  th e  
s t r a i n  i n  th e  h ig h  e n e rg y  c o n fo rm a tio n  can  be r e l i e v e d  by a  
r o t a t i o n  ab o u t th e  C-3 -  C-4 bond p o s i t io n in g  p h e n y l and 
m e th y l in  4 -p h e n y l-1 -b u ty lm a g n e s iu m  c h lo r id e  (p h e n e th y l  in  
5 -p h e n y l- l-h e x y lm a g n e s iu m  c h lo r id e )  away from  th e  t - b u t y l  
g ro u p .
T h u s, s t e r i c  h in d ra n c e  t o  r e d u c t io n  i s  a p p r e c ia b le  
o n ly  f o r  3 -p h e n y l- l-b u ty lm a g n e s iu m  c h lo r id e  in  t h a t  s e r i e s .  
The low r e d u c t io n  y i e l d s  from  3 -p h en y l-1 -p ro p y lm a g n es iu m  
c h lo r id e .a n d  3 -c y c lo h e x y l- l-b u ty lm a g n e s iu m  c h lo r id e  r e l a t i v e  
t o  t h a t  from  o th e r  members o f  th e  r e s p e c t iv e  s e r i e s  can  be 
r a t i o n a l i z e d  s i m i l a r l y .
C o n s is te n t  w i th  th e  fo re g o in g  d i s c u s s io n ,  th e  r e d u c ­
t i o n  y i e l d  from  3 - p h e n y l - 1-p ropy lm agnesium  c h lo r id e  (6a ,b )  
was h ig h e r  th a n  t h a t  from  3 -p h e n y l- l-b u ty lm a g n e s iu m  c h l o r id e .  
T h e re  a r e  few er f a v o ra b le  c o n fo rm a tio n s  in  th e  r e d u c t io n  
mode o f  th e  l a t t e r  due t o  th e  p re s e n c e  o f  b o th  p h e n y l and 
m e th y l a t  C -3.
C o n tra ry  to  t h a t  e x p e c te d  on th e  b a s i s  o f  th e  r e l a ­
t i v e  s i z e s  o f  p h e n y l and c y c lo h e x y l ,  th e  r e d u c t io n  y i e ld  
from  3 -c y c lo h e x y l- l-b u ty lm a g n e s iu m  c h lo r id e  was h ig h e r  th a n  
t h a t  from  th e  c o r re s p o n d in g  a ro m a tic  r e a g e n t .  I t  may be 
t h a t  th e  l a t t e r  r e a g e n t  i s  e f f e c t i v e l y  " l a r g e r "  th a n  th e  
fo rm e r b e c a u se  o f  e l e c t r o n i c  r e p u l s io n  betw een  th e  p h e n y l 
g ro u p  o f  th e  k e to n e  and t h a t  o f  th e  G rig n a rd  r e a g e n t .  W here­
a s  r e d u c t io n  mode A may be o f  n e a r ly  th e  same e n e rg y  f o r  
b o th  r e a g e n t s ,  r e d u c t io n  mode B may be o f  h ig h e r  e n e rg y  f o r  
3 -p h e n y l- l-b u ty lm a g n e s iu m  c h lo r id e  th a n  f o r  th e  s a tu r a t e d  
r e a g e n t .  T h is  c o u ld  a c c o u n t f o r  th e  low er y i e l d  o f  r e d u c t io n  
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The p r e s e n t  work d e m o n s tra te s  th e  n eed  f o r  c a u t io n  
in  th e  p r e d i c t i o n  o f  r e l a t i v e  am ounts o f  a d d i t io n  and r e d u c ­
t i o n  p ro d u c ts  from  G rig n a rd  r e a c t i o n s .  The s t e r i c  f a c t o r s  
o p p o s in g  th e  a d d i t i o n  r e a c t i o n  sh o u ld  be w eighed  a g a i n s t  
th o s e  d i s f a v o r in g  th e  r e d u c t io n  r e a c t i o n .  However, even  
t h i s  may be an  o v e r s im p l i f i c a t i o n  o f  th e  p ro b lem . As i n ­
d i c a t e d ,  e l e c t r o n i c  f a c t o r s ,  and p e rh a p s  s o lv e n t  e f f e c t s ,  
s h o u ld  be ta k e n  i n t o  c o n s id e r a t io n .  T here  a r e  no r e p o r te d  
s y s te m a t ic  s tu d i e s  o f  r e d u c t io n  y ie ld  a s  a  f u n c t io n  o f  s o l ­
v e n t .  However, i t  was found  in  th e  p r e s e n t  s tu d y  t h a t  th e  
y i e l d  o f  s e c o n d a ry  c a r b in o l  from  th e  r e a c t i o n  o f  t - b u t y l  
p h e n y l k e to n e  w i th  n -h ep ty lm ag n esiu m  io d id e  in  b en zen e  was
lo w er th a n  t h a t  in  d i e t h y l  e t h e r  (T ab le  1 - 5 ) .
TABLE 1-5
SOLVENT EFFECTS IN THE REDUCTION OF t-BUTYL PHENYL 
KETONE BY n-HEPTYLMAGNESIUM IODIDE
S o lv e n t R ed u c tio n  Y ie ld
d i e t h y l  e t h e r  





G e n e ra l
Gas L iq u id  P hase C h ro m ato g rap h ic  A n a ly se s  (g lp c )  
w ere  a c c o m p lish e d  on a  V a r ia n  A ero g rap h  M odel 90-P  g a s  chrom­
a to g ra p h  co u p le d  to  a  S a rg e n t W elch Model SRG r e c o r d e r  w ith  
D is c  i n t e g r a t o r .  H elium  was em ployed a s  th e  c a r r i e r  g a s ,  and 
th e  fo llo w in g  colum ns w ere u se d :
Column A: 6 ' x 1 /4 "  5% Carbowax 20 M on 6 0 /7 0
Chrom osorb G, A/W DMCS.
Column B: 10* x 1 /8 "  20% Carbowax 20 M on 6 0 /8 0
H. P . Chrom osorb W.
Column C: 5 ’ x 1 /4 "  20% SE-30 on 6 0 /8 0  Chrom osorb W.
Column D: 10* x 1 /4 "  25% C astorw ax  on 6 0 /8 0
Chrom osorb P.
Column E : 10f x 1 /4 "  57» STAP on 6 0 /7 0  Chrom osorb G,
A/W DMCS.
Column F: 101 x 1 /4 "  12% STAP on 80 /100  Chrom osorb
W, A/W DMCS.
Column G: 101 x 1 /4 "  20% STAP on 80 /100  Chrom osorb
W, A/W DMCS.
I n f r a r e d  S p e c tr a  ( i r )  w ere re c o rd e d  on a  P e rk in -E lm e r 
337 g r a t in g  s p e c tro p h o to m e te r  and c a l i b r a t e d  u s in g  th e  1601 .4  
and  9 0 6 .7  cm ^ bands o f  p o ly s ty r e n e .  The s p e c t r a  o f  l i q u id s  
w ere  o b ta in e d  n e a t ,  w h ile  th o s e  o f s o l i d s  w ere ta k e n  a s  m u lls  
o r  KBr p e l l e t s .
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N u c le a r  M ag n e tic  R esonance S p e c tr a  (nmr) w ere ob­
t a in e d  on a  V a r ia n  Model A-60 s p e c tro p h o to m e te r .  C hem ical 
s h i f t s  a r e  r e p o r te d  in  ppm r e l a t i v e  to  t e t r a m e t h y l s i l a n e .
M e ltin g  P o in ts  w ere o b ta in e d  u s in g  a  Thom as-Hoover 
m e l t in g  p o in t  a p p a ra tu s  and a r e  u n c o r r e c te d .
S o lv e n ts . D ie th y l  e t h e r  u se d  f o r  l i t h iu m  aluminum 
h y d r id e  r e d u c t io n s  and o r d in a ry  G rig n a rd  r e a c t i o n s  was sodium - 
d r i e d ,  w h ile  t h a t  u se d  f o r  G r ig n a rd  r e d u c t io n  r e a c t i o n s  was 
d i s t i l l e d  from  l i th iu m  alum inum  h y d r id e  j u s t  b e fo re  u s e .  
Benzene was d r ie d  o v er sodium  w ire  w henever n e c e s s a r y .
P y r id in e  was r e f lu x e d  w i th  p o ta s s iu m  h y d ro x id e  p e l l e t s ,  d i s ­
t i l l e d ,  and s to r e d  o v e r m o le c u la r  s i e v e s .
G a s e s . N itro g e n  was b u b b led  th ro u g h  c o n c e n tr a te d  
s u l f u r i c  a c id  and p a s se d  th ro u g h  a  c a lc iu m  c h lo r id e  d ry in g  
tu b e .  A rgon was blown o v e r  an e t h e r e a l  s o lu t io n  o f  b en zo -
phenone k e t y l  p re p a re d  from  e q u im o la r  q u a n t i t i e s  o f  sodium
4
and b en zo p h en o n e .
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G e n e ra l R e a c tio n  P ro c e d u re s
P r e p a r a t io n  o f  G rig n a rd  R eag en ts  f o r  S y n th e t ic  Work. 
M agnesium was p la c e d  in  a  d r y ,  th re e -n e c k e d ,  ro u n d -b o tto m ed  
f l a s k  f i t t e d  w i th  a  d ry  co n d en se r and a  m ag n e tic  s t i r r e r .
The a p p a ra tu s  was p u rged  w ith  n i t r o g e n ,  and s u f f i c i e n t  
so d iu m -d rie d  e t h e r  was added t o  c o m p le te ly  c o v e r  th e  mag­
n es iu m . Some o f  th e  c h lo r id e  was in t ro d u c e d ,  and th e  r e a c ­
t i o n  was i n i t i a t e d  w i th  a  few  d ro p s  o f  e th y le n e  b ro m id e .
The re m a in d e r  o f  th e  c h lo r id e  and a d d i t i o n a l  s o lv e n t  w ere 
added from  s e p a r a te  a d d i t io n  fu n n e ls  a t  r a t e s  co n d u c iv e  to  
th e  m a in ten an ce  o f  a  g e n t l e  r e f l u x .  Once th e  r e a c t i o n  s to p p e d , 
th e  m ix tu re  was r e f lu x e d  f o r  a  few h o u rs  and th e n  c a rb o n a te d  
in  th e  m anner d e s c r ib e d  below .
C a rb o n a tio n  o f  G r ig n a rd  R ea g e n ts .  C rushed  D ry -Ic e  
was added s lo w ly  th ro u g h  Gooch tu b in g  t o  th e  u n f i l t e r e d  
G rig n a rd  r e a g e n t  c o n ta in e d  in  a  ro u n d -b o tto m ed  f l a s k  c o o le d  
to  -78° and e q u ip p ed  w i th  co n d e n se r  and m e c h a n ic a l s t i r r e r .
The m ix tu re  was a llo w ed  t o  warm t o  room te m p e ra tu re  and th e n  
was t r e a t e d  w ith  6 N h y d r o c h lo r ic  a c id  u n t i l  two c l e a r  l a y e r s  
s e p a r a te d .  The aqueous la y e r  was e x t r a c t e d  w ith  e t h e r ,  and 
th e  e x t r a c t s  w ere com bined w ith  th e  o rg a n ic  l a y e r .  The 
e t h e r e a l  s o lu t i o n  was e x t r a c t e d  w ith  107o sodium  h y d ro x id e  
s o l u t i o n ,  and th e  com bined e x t r a c t s  w ere a c i d i f i e d  w ith  con ­
c e n t r a t e d  h y d r o c h lo r ic  a c id .  The r e s u l t i n g  m ix tu re  was e x ­
t r a c t e d  w i th  e t h e r ,  and th e  com bined e x t r a c t s  w ere d r ie d  
(MgSO^). The e t h e r e a l  s o lu t io n  was c o n c e n tr a te d  t o  g iv e  
th e  c ru d e  a c id .
L ith iu m  Aluminum H ydride  R e d u c tio n s . A s o lu t io n  o f 
th e  g iv e n  a c i d ,  a ld e h y d e , o r  k e to n e  in  s o d iu m -d rie d  e t h e r  
was added d ro p w ise  w i th  s t i r r i n g  to  a  s u s p e n s io n  o f  l i th iu m  
alum inum  h y d r id e  in  s o d iu m -d rie d  e t h e r  c o n ta in e d  in  a  d r y ,  
th r e e -n e c k e d ,  ro u n d -b o tto m e d  f l a s k  e q u ip p ed  w ith  c o n d e n se r
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and m e c h a n ic a l s t i r r e r .  A f te r  a l l  th e  r e a g e n t  had been  ad d ed , 
th e  m ix tu re  was r e f lu x e d  f o r  two h o u rs  and th e n  was c o o le d  to  
0 ° .  The e x c e s s  l i th iu m  aluminum h y d r id e  was d e s tro y e d  by 
th e  c a u t io u s  a d d i t io n  o f  w a te r ,  and th e  r e s u l t i n g  m ix tu re  
was h y d ro ly z e d  w i th  6 N h y d ro c h lo r ic  a c id .  The aqueous 
l a y e r  was e x t r a c t e d  s e v e r a l  t im e s  w ith  e t h e r ,  and th e  e x ­
t r a c t s ,  t o g e th e r  w ith  th e  o rg a n ic  l a y e r ,  w ere d r i e d  (MgSO^). 
The e t h e r e a l  s o lu t io n  was c o n c e n tr a te d  and d i s t i l l e d .
C o n v e rs io n  o f  A lc o h o ls  to  C h lo r id e s . T h io n y l c h l o r ­
id e  was added d ro p w ise  w ith  s t i r r i n g  to  e q u im o la r  q u a n t i t i e s  
o f  a lc o h o l  and p y r id in e  c o n ta in e d  in  a  th re e -n e c k e d ,  ro u n d - 
bo tto m ed  f l a s k  c o o le d  to  0° and eq u ip p ed  w ith  th e rm o m ete r 
and  m e c h a n ic a l s t i r r e r .  The r a t e  o f  a d d i t io n  o f  t h io n y l  
c h lo r id e  was slow  enough to  m a in ta in  th e  te m p e ra tu re  o f  th e  
r e a c t i o n  m ix tu re  below  1 0 ° . Once th e  a d d i t io n  was c o m p le te d , 
th e  m ix tu re  was s t i r r e d  f o r  an h o u r and th e n  was h e a te d  on a 
s tea m  b a th  u n t i l  th e  e v o lu t io n  o f s u l f u r  d io x id e  c e a s e d .
W ater was added to  th e  c o o le d  m ix tu re ,  and th e  two l a y e r s  
w ere s e p a r a te d .  The aqueous la y e r  was e x t r a c te d  w ith  e t h e r ,  
and th e  com bined e t h e r  e x t r a c t s  w ere washed f i r s t  w ith  5% 
h y d r o c h lo r ic  a c id  s o lu t io n  and th e n  w ith  s a tu r a t e d  sodium  
b ic a r b o n a te  s o lu t io n  u n t i l  n e u t r a l  t o  l i tm u s .  The e t h e r e a l  
s o lu t i o n  was washed once w i th  w a te r  and d r ie d  (MgSO^). The 
d r ie d  s o lu t i o n  was c o n c e n tr a te d  and d i s t i l l e d .
P r e p a r a t io n  o f  G r ig n a rd  R eag en ts  f o r  R e d u c tio n  R eac­
t i o n s  . M agnesium (d o u b ly  su b lim e d , Dow C hem ical C o .) was 
p la c e d  i n  a d r y ,  th r e e -n e c k e d ,  ro u n d -b o tto m ed  f l a s k  eq u ip p ed  
w i th  c o n d e n s e r ,  a d d i t io n  f u n n e l s ,  and m a g n e tic  s t i r r e r .  The 
a p p a r a tu s  was f i l l e d  w ith  a rg o n  w hich  had been  sc ru b b ed  f r e e
o f  w a te r  and oxygen by p a ssa g e  th ro u g h  an e t h e r e a l  s o lu t io n
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o f  benzophenone k e t y l .  Enough d ry  e t h e r  was added t o  com­
p l e t e l y  c o v e r  th e  m agnesium . A sm a ll amount o f  c h lo r id e  was
28
a d d ed , and th e  m ix tu re  was a llo w ed  to  s ta n d  u n d is tu r b e d  u n t i l  
th e  r e a c t io n  commenced. In  some c a s e s  a  few  d ro p s  o f  e th y le n e  
brom ide w ere u se d  to  i n i t i a t e  th e  r e a c t i o n .  S t i r r i n g  was 
th e n  begun a lo n g  w ith  th e  slow  d ro p w ise  a d d i t io n  o f  th e  r e ­
m a in in g  c h lo r id e  and e t h e r  from  s e p a r a te  a d d i t io n  f u n n e ls .
Once th e  r e a c t i o n  had s to p p e d , th e  m ix tu re  was r e f lu x e d  f o r  
a  few  h o u rs  and th e n  pumped th ro u g h  a  f r i t t e d  g l a s s  f i l t e r  
i n t o  a  g ra d u a te d  c y l in d e r  f i l l e d  w ith  a rg o n . Any u n f i l t e r -  
a b le  s o l i d  was a llo w ed  t o  s e t t l e  b e fo re  a l i q u o t s  w ere ta k e n  
f o r  a n a l y s i s .
D i r e c t  T i t r a t i o n  o f  G rig n a rd  R e a g e n ts . A bout one mg 
o f  1 , 1 0 -p h e n a n th ro l in e  was d is s o lv e d  in  d ry  e t h e r  (15 m l) 
c o n ta in e d  in  a  50 ml s u c t io n  f l a s k  capped w i th  a  sep tum  
w hich  a llo w ed  a i r - t i g h t  p a s sa g e  o f  th e  t i p  o f  a  10 m l b u r e t .
An a rg o n  p r e s s u r e  was a p p l ie d  to  th e  f l a s k  v i a  th e  s id e -a rm . 
When an a l i q u o t  o f  th e  G rig n a rd  r e a g e n t  was added t o  th e  
f l a s k  w i th  a s y r in g e  a  p in k  o r  v i o l e t  c o lo r  a p p e a re d . The 
s o lu t i o n  was t i t r a t e d  w i th  0 .5  M 2 - b u ta n o l  in  x y le n e  u n t i l  
th e  p in k  c o lo r  d is a p p e a re d .  The s o lu t io n  was s t i r r e d  th ro u g h ­
o u t th e  t i t r a t i o n  w i th  a  m ag n e tic  s t i r r e r .
The 2 - b u ta n o l  was d r ie d  o v er an h y d ro u s p o ta s s iu m  c a r ­
b o n a te  and was d i s t i l l e d  b e fo re  u s e .  X ylene w h ich  had been  
d r ie d  o v e r  sodium  w ire  was d i s t i l l e d .
R e a c tio n  o f  t - B u ty l  P heny l K etone w ith  G rig n a rd  
R e a g e n ts . An a l i q u o t  o f  G rig n a rd  r e a g e n t  was t r a n s f e r r e d  
w i th  a s y r in g e  t o  e ac h  o f  two 100 ml th r e e -n e c k e d ,  ro u n d - 
bo ttom ed  f l a s k s  f i l l e d  w ith  a rg o n  and f i t t e d  w ith  a  sep tum , 
c o n d e n s e r ,  and a d d i t io n  f u n n e l .  t - B u ty l  p h en y l k e to n e  in  
d ry  e t h e r  (25-30  m l) was added to  th e  r e a g e n t ,  w i th  s t i r r i n g ,  
o v e r  a  15 min p e r io d .  The r e a c t i o n  m ix tu re s  w ere s t i r r e d  
f o r  12 h r s  u n d e r  a rg o n  and w ere th e n  h y d ro ly z e d  w i th  s a t u r ­
a te d  ammonium c h lo r id e  s o lu t i o n .  The two l a y e r s  w ere s e p a ­
29
r a t e d  and th e  aqueous l a y e r  was e x t r a c te d  w ith  e t h e r .  The 
com bined e x t r a c t s  w ere c o n c e n tr a te d  w ith o u t  d r y in g ,  and th e  
r e s i d u a l  o i l  was a n a ly z e d  f o r  t - b u ty lp h e n y lc a r b in o l  a s  d e s ­
c r ib e d  below .
D e te rm in a tio n  o f  R e d u c tio n  Y ie ld . A s u i t a b l e  
s ta n d a rd  was w eighed by d i f f e r e n c e  in to  e a c h  o f  th e  r e a c t i o n  
m ix tu re s  w hich  w ere th e n  a n a ly z e d  by g a s - l i q u i d  ch rom atog ­
ra p h y . The r a t i o  o f  th e  peak  a r e a  o f  t - b u ty lp h e n y lc a r b in o l  
t o  t h a t  o f  th e  s ta n d a rd  was c a l c u l a t e d ,  c o r r e c t in g  f o r  d i f ­
f e r e n c e s  in  th e rm a l c o n d u c t iv i ty .  From t h i s  r a t i o  th e  w e ig h t 
o f  t - b u ty lp h e n y lc a r b in o l  was found  a s  shown below .
C o r re c te d  a r e a  o f  s ta n d a rd  p eak  =
M easured a r e a  o f  s ta n d a rd  peak  x R esponse r a t i o  
( c a r b in o l / s ta n d a r d )
W eight o f  t - b u ty lp h e n y lc a r b in o l  =
(W eight o f  s ta n d a rd ) (A r e a  o f  c a r b in o l  p e a k /c o r r e c te d  
a r e a  o f s ta n d a rd  p eak )
R e d u c tio n  y i e ld  (%) =
(mmoles o f  c a rb in o l/m m o le s  o f  k e to n e  usedXlOO)
I n  e a c h  c a s e  th e  am ount o f  "G rig n a rd  a lc o h o l"  ( t h a t  
a lc o h o l  p ro d u ced  from  th e  o x y g e n a tio n  o f  G rig n a rd  r e a g e n ts )  
was e s t im a te d  from  th e  r a t i o  o f  th e  p eak  a r e a  o f  th e  "G rig n a rd  
a lc o h o l"  to  t h a t  o f  th e  g lp c  s ta n d a r d ,  n e g le c t in g  d i f f e r e n c e s  
in  th e rm a l c o n d u c t iv i ty .
D e te rm in a tio n  o f  R esponse R a t i o s . M ix tu re s  o f known 
q u a n t i t i e s  o f  t - b u ty lp h e n y lc a r b in o l  and s ta n d a rd  w ere a c c u r ­
a t e l y  w eighed on an  a n a l y t i c a l  b a la n c e  th e n  a n a ly z e d  by g lp c .
A p l o t  o f  th e  r a t i o  o f  p eak  a r e a  o f  t - b u ty lp h e n y lc a r b in o l  to  
t h a t  o f  th e  s ta n d a rd  v e r s u s  th e  w e ig h t r a t i o  o f c a r b in o l  to
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s ta n d a rd  gave a  s t r a i g h t  l i n e ,  th e  s lo p e  o f  w h ich  was e q u a l  
t o  th e  re s p o n s e  r a t i o  ( c a r b i n o l / s t a n d a r d ) „ The p l o t s  f o r  
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P r e p a r a t io n  o f  P re c u r s o r s  f o r  G rig n a rd  R ed u c tio n s
P r e p a r a t io n  o f  l - C h lo ro - 2 - p h e n y le th a n e . T rea tm e n t 
o f  2 -p h e n y le th a n o l  (9 8 .1  g ,  0 .8  m ol) w ith  t h io n y l  c h lo r id e  
(96 g ,  0 .8 1  m ol) in  th e  p re s e n c e  o f  p y r id in e  (64 g , 0 .8 1  m ol) 
y ie ld e d  9 8 .8  g (88%) o f  l -c h lo ro -2 -p h e n y lp ro p a n e  a s  a  c o l o r ­
l e s s  l i q u i d ,  bp 45-48° (0 .5  mm) [ l i t .®  bp 69° (4 mm)]; i r  
( n e a t )  720 cm ^ (C -C l) ;  nmr ( n e a t )  8 2 .7 8  ( t ,  2 , C l^ P h ) ,
3 .4 3  ( t ,  CH2C 1 ), 7 .0 7  (m, 5 ,  P h ) .
The p ro d u c t was p u re  a s  in d ic a te d  by g lp c  a n a ly s i s  
on colum n A a t  170° and 60 m l/m in  ( r e t e n t i o n  t im e , 3 .1  m in ) .
P r e p a r a t io n  o f  l -C h lo ro -3 -p h e n y lp ro p a n e . The r e a c ­
t i o n  o f  3 -p h e n y 1 -1 -p ro p a n o l (125 g ,  0 .9 2  m ol) in  p y r id in e  
(7 2 .8  g ,  0 .9 2  m ol) w ith  t h io n y l  c h lo r id e  (1 0 9 .5  g ,  0 .9 2  m ol) 
gave 129 .6  g (91%) o f  l - c h lo ro -3 -p h e n y lp ro p a n e  a s  a  c o l o r l e s s  
l i q u i d ,  bp 75-76° (1 .6 5  mm) [ l i t . ^  bp 89-93° (6 mm)]; i r  
( n e a t )  650 cm ^ (C -C l) ;  nmr ( n e a t )  S 1 .9  (m, 2 , CI^)", 2 .6 0  
( t ,  2 , CH2P h ) ,  3 .2 8  ( t ,  2 , CH2C 1), 7 .1  ( s ,  5 , P h ) .
The p ro d u c t was p u re  a s  d e te rm in e d  by g lp c  a n a ly s i s  
on Column A a t  170° and 60 m l/m in  R e te n t io n  t im e , 4 .4  m in ) .
P r e p a r a t io n  o f  4 - P h e n y l- 1 - b u ta n o l . The r e d u c t io n
o f  4 -p h e n y lb u ta n o ic  a c id  (100 g ,  0 .6 1  m ol) w ith  l i t h iu m  alum ­
inum h y d r id e  (2 0 .9  g , 0 .5 5  m ol) in  e t h e r  p ro v id e d  85 g (93%) 
o f  4 -p h e n y 1 -1 -b u ta n o l  a s  a  c o l o r l e s s  l i q u i d ,  bp 90-101° (0 .2 7  
0 .4 5  mm) [ l i t . ^  137° (14 mm)]; i r  ( n e a t )  3340 cm \  1050 cm 
(OH); nmr ( n e a t )  8 1 .2 0  (m, 4 ,  CH2CH2) ,  2 .1 4  (m, 2 , CH2P h ) , 
3 .1 7  (m, 2 , CH20H ), 4 .3 3  ( s ,  1 , OH), 6 .7 6  (m, 5 , P h ) .
G lpc a n a ly s is  o f  th e  p ro d u c t on column E a t  215° and 
60 m l/m in  showed o n ly  one p eak  ( r e t e n t i o n  t im e , 9 .6  m in ) .
P r e p a r a t io n  o f  l -C h lo ro - 4 - p h e n y lb u ta n e . T rea tm en t 
o f  4 -p h e n y l-1 - b u ta n o l  (7 2 .7  g ,  0 .4 8  m ol) w ith  t h io n y l  c h lo r ­
id e  (5 9 .5  g , 0 .5 0  m ol) in  th e  p re se n c e  o f  p y r id in e  (3 9 .5  g ,  
0 .5 0  m ol) f u rn is h e d  74 g (92%) o f  l - c h lo r o - 4 -p h e n y lb u ta n e
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a s  a  c o l o r l e s s  l i q u i d ,  bp 89-92° (0 .5  mm) [ l i t . ^  98 -102° (6 
mm)]; i r  ( n e a t )  650 cm 1 (C -C l)]  nmr ( n e a t )  8 1 .5 8  (m, 4 ,  
-CH2CH2 - ) ,  2 .4 7  (m, 2 , CH2P h ) , 3 .2 8  (m, 2 , CH2C 1 ), 7 .1  (m,
5 ,  P h ) .
A n a ly s is  o f  th e  p ro d u c t by g lp c  on colum n C a t  195° 
and 40 m l/m in  gave two p e a k s : 1) r e t e n t i o n  t im e , 2 .3  m in
(1% ), 2) r e t e n t i o n  t im e , 3 .7  min (99%).
P r e p a r a t io n  o f  5 -P h e n y lp e n ta n o ic  A c id . The G rig n a rd  
r e a g e n t  was p re p a re d  in  84% y ie ld  from  l - c h lo r o - 4 - p h e n y l -  
b u ta n e  (100 g ,  0 .5 9  m ol) and d o u b ly  su b lim ed  m agnesium  (1 4 .6  
g ,  0 .6  m o l ) .
C a rb o n a tio n  o f  th e  G rig n a rd  r e a g e n t  (0 .4 1  m o l, 1 .47  
N) y ie ld e d  64 g (87%) o f  th e  d e s i r e d  5 -p h e n y lp e n ta n o ic  a c id ,  
w hich  c r y s t a l l i z e d  from  p e tro le u m  e t h e r  a s  a  w h ite  s o l i d ,  mp 
58-59° [ l i t . 11 mp 5 7 ° ] ;  i r  (m u ll)  2950 cm"1 (OH), 1720 cm"1 
(C = 0).
P r e p a r a t io n  o f  5 - P h e n y l- 1 - p e n ta n o l . The r e d u c t io n  
o f  5 -p h e n y lp e n ta n o ic  a c id  (6 1 .4  g ,  0 .3 4  m ol) w ith  l i th iu m  
alum inum  h y d r id e  (1 1 .8  g ,  0 .3 1  m ol) in  e t h e r  a f fo r d e d  49 g 
( 88%) o f  5 - p h e n y l-1 - p e n ta n o l  as  a  c o l o r l e s s  l i q u i d ,  bp 100- 
110° (0 .5 5 -1 .2 5  mm) [ l i t . 10 b p .151° (13 mm)]; i r  ( n e a t )  3330 , 
1050 cm"1 (OH); nmr ( n e a t )  8 0 .9 9  (m, 6 , -CH2CH2CH2 - ) , 2 .0 8  
( t ,  2 ,  CH2P h ) ,  3 .1 3  ( t ,  2 , CH^OH), 4 .4 8  ( s ,  1 , OH), 6 .7 2  (m, 
5 , P h ) .
G lpc a n a ly s i s  o f  th e  l i q u i d  on column E a t  215° and 
60 m l/m in  showed a  m a jo r  p eak  a t  13 m in . A p eak  a t  10 m in 
r e p r e s e n te d  l e s s  th a n  1% o f  th e  sam p le .
P r e p a r a t io n  o f  l - C h lo ro - 5 - p h e n y lp e n ta n e . R e a c tio n  
o f  5 -p h e n y l-1 - p e n ta n o l  (25 g ,  0 .1 5  m ol) w ith  t h io n y l  c h lo r id e  
(19 g ,  0 .1 5  m ol) in  th e  p re s e n c e  o f  p y r id in e  (12 g ,  0 .1 5  m ol) 
le d  to  l - c h lo r o - 5 - p h e n y lp e n ta n e ,  2 5 .5  g (93% ), a  c o l o r l e s s  
l i q u i d ,  bp 82-83° (0 .5  m m )[ lit .®  bp 111-2° (5 -6  mm)]; i r
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( n e a t )  650 cm 1 (C -C l) ;  nmr ( n e a t )  6 1 .2 7  (m, 6 , -C fl^C H ^C l^-), 
2 .2 5  ( t ,  2 , CH2P h ) , 3 .0 3  ( t ,  2 , CH2C 1), 6 .8 8  (m, 5 , P h ) .
G lpc a n a ly s i s  on colum n E a t  215° and 60 m l/m in  gave 
two p e a k s :  1) r e t e n t i o n  t im e , 4 .2  min (2%); 2 ) r e t e n t i o n
t im e ,  5 .8  min (98% ).
P r e p a r a t io n  o f  2 - P h e n y l-1 -p ro p a n o l . The a lc o h o l  
o b ta in e d  from  th e  r e d u c t io n  o f  2 -p h e n y lp ro p a n a l (52 g ,  0 .3 8  
m o l, t e c h n i c a l  g ra d e )  w ith  l i th iu m  aluminum h y d r id e  ( 5 .4  g ,
0 .1 4  m ol) was p u r i f i e d  by d i s t i l l a t i o n  th ro u g h  a  30 cm h e a te d  
colum n packed  w ith  g la s s  h e l i c e s .  The fo llo w in g  f r a c t i o n s  
w ere c o l l e c t e d :
1) 4 .7  g , bp 70-77° (1 .5  mm); 71% 2 -p h e n y l-1-  
p ro p a n o l ( g lp c ) ;
2) 3 .0  g , bp 77-78° (1 .5  mm); 97% p u re  ( g lp c ) ;
3) 1 4 .6  g ,  bp 73-74° (1 .2 5  mm); 99% p u re  ( g lp c ) ;
4 ) 1 7 .0  g ,  bp 74° (1 .2 5  mm) [ l i t . 12 bp 92° (4  mm)]; 
i r  ( n e a t )  3360 cm 1 (OH); nmr ( n e a t )  S 1 .1 8  (d ,  3 , CH^),
2 .7 7  (m, 1 , CH), 3 .4 8  (d ,  2 , C H ^ , 3 .8 8  ( s ,  1 , OH), 7 .1 5  (m,
5 , P h ); 100% p u re  ( g lp c ) .
G lpc a n a ly s e s  w ere acco m p lish ed  on column G a t  213° 
and 60 m l/m in .
P r e p a r a t io n  o f  l -C h lo ro -2 -p h e n y lp ro p a n e . The c h lo r id e  
was p re p a re d  by t r e a t i n g  2 -p h e n y l-1 -p ro p a n o l  (1 3 .6  g ,  0 .1  m ol) 
w i th  t h io n y l  c h lo r id e  (1 1 .9  g , 0 .1  m ol) in  th e  p re se n c e  o f  
an e x c e s s  o f  p y r id in e  (1 5 .8  g ,  0 .2  m o l) . The te m p e ra tu re  o f  
th e  r e a c t i o n  m ix tu re  was k e p t  below  -10° w ith  a  D ry -Ic e  
m e th a n o l b a th .  D i s t i l l a t i o n  o f  th e  o i l  o b ta in e d  gave 6 .5  g 
(42%) o f  l - c h l o r o - 2 -p h e n y lp ro p a n e  a s  a  c o l o r l e s s  l i q u i d ,  bp 
47 -49° (0 .7 5  mm) [ l i t . 12 bp 72° (1 mm)]; i r  ( n e a t )  720 cm"1 
(C -C l) ; nmr ( n e a t )  8 0 .9 5  (d ,  3 , CH3 ) ,  2 .6 2  (m, 1 , CH),
3 .1 2  (d , 2 , CH2C 1), 6 .8 5  (m, 5 , P h ) .
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G lpc a n a ly s i s  on column G a t  162° and 60 m l/m in  
showed two p e a k s : 1) 9 .4  min (3%); 2) 10 .6  min (97%).
13P r e p a r a t io n  o f  3 -P h e n y lb u ta n o ic  A c id . (Method A) 
A nhydrous aluminum c h lo r id e  (514 g ,  3 .8 5  m ol) was added to  
d ry  benzene  (350 m l) c o n ta in e d  in  a  3 l i t e r ,  th re e -n e c k e d ,  
ro u n d -b o tto m ed  f l a s k  f i t t e d  w ith  m e c h a n ic a l s t i r r e r ,  a d d i t io n  
f u n n e l ,  and c o n d e n se r  capped  w i th  a d ry in g  tu b e .  A s o lu t io n  
o f  c r o to n ic  a c id  (195 g ,  2 .2 6  m o l, d r ie d  by a z e o tro p in g  th e  
w a te r  w i th  b en zen e) in  benzene  (600 m l) was added d ro p w ise  
w i th  s t i r r i n g  o v e r  a  f o u r  h o u r p e r io d .  H ydrogen c h lo r id e  
was e v o lv e d , and th e  c o lo r  o f  th e  m ix tu re  tu rn e d  from  y e llo w  
to  d a rk  brow n. The m ix tu re  was s t i r r e d  i n t e r m i t t e n t l y  f o r
2 .5  d a y s ,  a f t e r  w hich  i t  was h y d ro ly z e d  by p o u r in g  o n to  a  
m ix tu re  o f  ic e  and c o n c e n tr a te d  h y d r o c h lo r ic  a c id .  The two 
l a y e r s  w ere s e p a r a te d ,  and th e  o rg a n ic  l a y e r  was f i l t e r e d  
f r e e  o f p o ly m e ric  m a t e r i a l .  The aqueous la y e r  was e x t r a c te d  
w i th  b e n z e n e , and th e  com bined e x t r a c t s  w ere xvashed f i r s t  
w ith  207c h y d r o c h lo r ic  a c id  s o lu t io n  and th e n  w ith  10% sodium  
h y d ro x id e  s o lu t i o n .  The com bined b ase  e x t r a c t s  w ere a c i d i f i e d  
w i th  h y d r o c h lo r ic  a c id ,  and th e  r e s u l t i n g  m ix tu re  was e x ­
t r a c t e d  w i th  b e n z e n e . The benzene s o lu t io n  was d r ie d  (MgSO^) 
and c o n c e n t r a te d .  D i s t i l l a t i o n  o f  th e  p ro d u c t th ro u g h  a  10 
cm V ig re u x  column gave 160 g (43%) o f  a  c o l o r l e s s  l i q u i d ,  
bp 140-150° (1 .7 5  mm) [ l i t . 12 bp 127° (1 mm)]; i r  ( n e a t )  1700 
cm-1  (C = 0), 3000 cm-1  (OH).
14P r e p a r a t io n  o f  E th y l  B ro m o a c e ta te . B ro m o ace tic  
a c id  (500 g , 3 .6  m o l) ,  95% e th a n o l  (325 m l, 5 .5  m o l) ,  benzene 
(500 m l) ,  and c o n c e n tr a te d  s u l f u r i c  a c id  (1 .5  m l) w ere com­
b in e d  in  a  th re e -n e c k e d  f l a s k  eq u ip p ed  w i th  a  D e a n -S ta rk  
t r a p .  The m ix tu re  was h e a te d  o v er a  s team  b a th  u n t i l  w a te r  
no lo n g e r  s e p a ra te d  and th e n  was washed w ith  1% sodium  b i ­
c a rb o n a te  s o lu t i o n .  The benzene s o lu t io n  was d r ie d  (Na^SO^)
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and c o n c e n t r a te d .  D i s t i l l a t i p n  o f  th e  p ro d u c t  th ro u g h  a  10 
cm V ig re u x  column a t  a tm o sp h e r ic  p r e s s u re  gave 491 g (81%) 
o f  e t h y l  b ro m o a c e ta te  a s  a  c o l o r l e s s  l i q u i d ,  bp 155-159°
[ l i t . ^  159° (760 m m )], w hich  was found  t o  be 99% p u re  by 
g lp c .
P r e p a r a t io n  o f  E th y l  3 -H y d ro x y -3 -p h e n y lb u ta n o a te . ^  
Z in c  (190 g ,  2 .9  m ol) was p la c e d  in  a  d r y ,  th r e e -n e c k e d ,  
ro u n d -b o tto m ed  f l a s k  f i t t e d  w i th  c o n d e n s e r , m e c h a n ic a l s t i r r e r ,  
and a d d i t io n  fu n n e l  c o n ta in in g  a  s o lu t io n  o f  e t h y l  brom o­
a c e t a t e  (484 g ,  2 .9  m ol) and ace to p h en o n e  (348 g ,  2 .9  m ol) 
i n  d ry  benzene  (600 m l ) . A bout 100 ml o f  th e . s o lu t i o n  was 
added t o  th e  z in c ;  th e  m ix tu re  was s t i r r e d  and h e a te d  o y e r  
a  s team  b a th  u n t i l  th e  r e a c t i o n  b eg an . H e a tin g  was d i s c o n ­
t i n u e d ,  and th e  re m a in d e r  o f  th e  s o lu t io n  was added d ro p w ise  
to  th e  f l a s k .  O c c a s io n a l h e a t in g  was n e c e s s a ry  t o  r e i n i t i a t e  
th e  r e a c t i o n .  A one h o u r r e f l u x  co m ple ted  th e  r e a c t i o n .
The m ix tu re  was c o o le d  and h y d ro ly z e d  w i th  207. s u l ­
f u r i c  a c id  s o lu t i o n .  The aqueous l a y e r  was e x t r a c t e d  w ith  
b e n z e n e , and th e  com bined e x t r a c t s  w ere w ashed s u c c e s s iv e ly  
w i th  5% s u l f u r i c  a c id  s o l u t i o n ,  10% sodium  c a rb o n a te  s o lu ­
t i o n ,  and w a te r .  The s o lu t i o n  was d r ie d  (MgSO^) and co n cen ­
t r a t e d .  D i s t i l l a t i o n  o f  th e  o i l  th ro u g h  a  10 cm V ig re u x  
colum n p ro v id e d  446 g (73%) o f  e t h y l  3 -h y d ro x y -3 -p h e n y l-  
b u ta n o a te  a s  a  c o l o r l e s s  l i q u i d ,  bp 97-100° (0 .6  mm) [ l i t . ^  
146-147° (15 mm)]; i r  ( n e a t )  1730 cm ^ (C = 0), 3500 cm ^ (OH); . 
nmr ( n e a t )  8 0 .9 5  ( t ,  3 ,  CR^CH^), 1 .4 5  ( s ,  3 , CH^C), 2 .6 8  
( d ,  2 , CCH2C ), 3 .8 0  (q ,  2 , 0CH2 ) ,  4 .2 3  ( s ,  1 , OH), 7 .0 7  (m,
5 ,  P h ) .
The p ro d u c t was p u re  a s  e s t a b l i s h e d  by g lp c  a n a ly s i s  
on colum n E a t  220° and 60 m l/m in  ( r e t e n t i o n  t im e , 8 m in ) .
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P r e p a r a t io n  o f  E th y l  3 - P h e n y l-2 -b u te n o a te . 15 E th y l  
3 -h y d ro x y -3 -p h e n y lb u ta n o a te  (376 g ,  1 .8  m o l) ,  benzene (600 
m l) ,  and p h o sp h o ru s  o x y c h lo r id e  (10 m l) w ere p la c e d  i n  a  
th re e -n e c k e d  f la s k 'e q u ip p e d  w ith  D e a n -S ta rk  t r a p .  The m ix­
t u r e  was r e f lu x e d  o v e r  a  s team  b a th  u n t i l  w a te r  no lo n g e r  
s e p a r a te d .  The s o lu t i o n  was washed w i th  w a te r  and co n cen ­
t r a t e d  w ith o u t  d r y in g .  D i s t i l l a t i o n  o f  th e  p ro d u c t th ro u g h  
a  V ig reu x  colum n f u rn is h e d  339 g (99%) o f  e t h y l  3 -p h e n y l-2 -  
b u te n o a te  a s  a  g re e n  l i q u i d ,  bp 96-105° (0 .7  mm). [ L i t . 15 
146-148° (1 6 .5  mm)]. G lpc a n a ly s i s  on colum n E a t  220° and 
60 m l/m in  in d ic a te d  th e  p re se n c e  o f  s e v e r a l  sm a ll im p u r i t i e s  
b u t  th e  a b sen ce  o f  e t h y l  3 -h y d ro x y -3 -p h e n y lb u ta n o a te .
P r e p a r a t io n  o f  3 -P h e n y l-2 -b u te n o ic  A c id . 15 E th y l  
3 - p h e n y l-2 -b u te n o a te  (339 g ,  1 .8  m ol) and p o ta s s iu m  h y d ro x id e  
(100 g , 1 .8  m ol) d i s s o lv e d  in  w a te r  (600 m l) w ere p la c e d  in  
a  ro u n d -b o tto m ed  f l a s k  e q u ip p e d  w ith  D e a n -S ta rk  t r a p .  The 
m ix tu re  was r e f lu x e d  u n t i l  a  second  la y e r  was no lo n g e r  
v i s i b l e  (6 h r s ) . The m ix tu re  was e x t r a c te d  w ith  e t h e r ,  and 
th e  com bined e x t r a c t s  w ere d i s c a r d e d .  The aqueous l a y e r  was 
a c i d i f i e d ,  and th e  p r e c i p i t a t e  was f i l t e r e d  from  th e  m ix tu re .  
R e c r y s t a l l i z a t i o n  o f  th e  c ru d e  p ro d u c t from  p e tro le u m  e t h e r  
gave 206 g (71%) o f  3 -p h e n y l-2 -b u te n o ic  a c id  a s  w h ite  c r y s t a l s ,  
mp 97-98° [ l i t . 15 mp 9 7 ° ] .
P r e p a r a t io n  o f  3 -P h e n y lb u ta n o ic  A c id . (Method B ).
H y d ro g e n a tio n  o f  3 - p h e n y l-2 -b u te n o ic  a c id  (192 g , 1 .1 8  m ol)
was e f f e c t e d  in  957, e th a n o l  (200 m l) and e t h y l  a c e t a t e  (500
m l) o v e r  5% Pd/C (5 g ) a t  100 p s i  and 2 4 ° . A f te r  u p ta k e  o f
th e  t h e o r e t i c a l  q u a n t i t y  o f  hydrogen  th e  r e a c t i o n  m ix tu re
was f i l t e r e d  and c o n c e n t r a te d .  D i s t i l l a t i o n  o f  th e  p ro d u c t
th ro u g h  a  V ig reu x  colum n gave 158 g (82%) o f  3 -p h e n y lb u ta n o ic
12a c id  a s  a  c o l o r l e s s  l i q u i d ,  bp 140-145° (1 .0  mm) [ l i t .  bp 
127° (1 mm)]; i r  ( n e a t )  1700 cm"1 (C = 0), 3000 cm"1 (OH).
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P r e p a r a t io n  o f  3 - P h e n y l- 1 - b u ta n o l . The r e d u c t io n  
o f  3 -p h e n y lb u ta n o ic  a c id  (215 g ,  1 .3  m ol) w ith  l i t h iu m  alum ­
inum h y d r id e  (57 g ,  1 .5  m ol, 50% e x c e s s )  a f fo rd e d  175 g (90%) 
o f  3 -p h e n y l-1 - b u ta n o l  a s  a  s l i g h t l y  y e llo w  l i q u i d ,  bp 87°
( 0 .3  mm) [ l i t . 16 105-7° (5 mm)]; i r  ( n e a t )  3300 cm"1 (OH); 
nmr ( n e a t )  S 0 .8 1  (d , 3 , C H ^ , 1 .4 3  (m, 2 , CH2 ) ,  3 .1 3  ( t ,
2 ,  CH20H ), 2 .4 8  (m, 1 , CH), 4 .2 7  ( s ,  1 , OH), 6 .7 8  ( s ,  5 , P h ) .
The p ro d u c t  was p u re  a s  e s t a b l i s h e d  by g lp c  a n a ly s i s  
on colum n E a t  220° and 60 m l/m in .
P r e p a r a t io n  o f  l -C h lo ro -3 -p h e n y lb u ta n e . The r e a c t i o n  
o f  3 - p h e n y l-1 - b u ta n o l  (175 g ,  1 .16  m ol) w i th  t h io n y l  c h lo r id e  
(139 g ,  1 .1 7  m ol) in  th e  p re se n c e  o f  p y r id in e  (93 g ,  1 .17  
m ol) p ro v id e d  182 g (93%) o f  l - c h lo r o - 3 -p h e n y lb u ta n e  a s  a  
s l i g h t l y  y e llo w  l i q u i d ,  bp 88-92° (212 mm) [ l i t . 1^ bp 114-116° 
(17 mm)]; i r  ( n e a t )  660 cm 1 (C -C l);  nmr ( n e a t )  6 0 .8 7  (d ,
3 ,  CH3 ) ,  1 .6  (m, 2 , CH2 ) ,  2 .6  (m, 1 , CH), 2 .9 5  ( t ,  2 , CH2C 1),
6 .8 7  (m, 5 , P h ) .
The p ro d u c t was p u re  a s  d e te rm in e d  by g lp c  a n a ly s i s
on colum n E a t  220° and 60 m l/m in .
P r e p a r a t io n  o f  4 -P h e n y lp e n ta n o ic  A c id . A G rig n a rd  
r e a g e n t  was p re p a re d  in  th e  u s u a l  m anner from  l - c h lo r o - 3 -
p h e n y lb u ta n e  (168 g ,  1 .0  m ol) and F is h e r  m agnesium  (2 4 .3  g ,
1 .0  m o l) .  C a rb o n a tio n  o f  th e  r e a g e n t  le d  t o  th e  d e s i r e d  4 -  
p h e n y lp e n ta n o ic  a c id ,  111 g (62% o v e r a l l ) ,  bp 133-135° (0 .9
I Q  1
mm) [ l i t .  118° (0 .3  mm)]; i r  ( n e a t)  1720 cm" (C = 0), 3000 
cm 1 (OH); nmr ( n e a t )  S 0 .7 8  (d ,  3 , CH^), 1 .6 3  (m, 4 ,  CH2CH2 ) , 
2 .2 0  (m, 1 , CH), 6 .7 2  ( s ,  5 , P h ) , 11 .85  ( s ,  1 , C00H).
P r e p a r a t io n  o f  4 - P h e n y l- 1 - p e n ta n o l . The r e d u c t io n  
o f  4 -p h e n y lp e n ta n o ic  a c id  (111 g ,  0 .6 2  m ol) w ith  l i th iu m  
alum inum  h y d r id e  (2 6 .6  g , 0 .7 0  m ol, 50% e x c e s s )  p ro v id e d  
9 4 .5  g (92%) o f  4 - p h e n y l-1 -p e n ta n o l  a s  a  c o l o r l e s s  l i q u i d ,  
bp 125° (0 .7  mm) [ l i t . 18 101° (1 mm)]; i r  ( n e a t )  3340 cm"1
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(OH); nmr ( n e a t )  0 .8 7  (d , 3 ,  CH3) , 1 .1 8  (m, 4 ,  CH2CH2 ) , 2 .3 0  
(m, 1 , CH), 3 .1 2  ( t ,  2 , CH9OH), 4 .3 2  ( s ,  1 , OH), 6 .8  (m, 5 ,
• P h ) .
The p ro d u c t was p u re  a s  in d ic a te d  by g lp c  a n a ly s i s  
on colum n E a t  220° and 60 m l/m in  ( r e t e n t i o n  t im e , 8 .4  m in ) .
P r e p a r a t io n  o f  l -C h lo ro -4 -p h e n y lp e n ta n e . T rea tm en t 
o f  4 - p h e n y l-1 - p e n ta n o l  (65 g ,  0 .4  m ol) w ith  t h io n y l  c h lo r id e  
(4 7 .6  g ,  0 .4  m ol) i n  th e  p re s e n c e  o f  p y r id in e  (3 1 .6  g ,  0 .4  
m ol) gave 6 5 .6  g (90%) o f  l - c h lo r o - 4 -p h e n y lp e n ta n e  a s  a  
c o l o r l e s s  l i q u i d ,  bp 65-80° (0 .2  mm) [ l i t . 1 bp 55-56° (0 .5  
mm)]; i r  ( n e a t )  650 cm 1 (C -C l) ;  nmr (n e a t)  6 0 .9 2  (d ,  3 , 
CH3 ) ,  1 .3 7  (m, 4 , CH2CH2 ) ,  2 .3 0  (m, 1 , CH), 3 .0 2  ( t ,  2 , 
CH2C 1 ), 6 .9 2  (m, 5 , P h ) .
G lpc a n a ly s i s  on colum n E a t  220° and 60 m l/m in  gave 
a  m a jo r  p eak  a t  3 .4  m in . A com ponent w ith  a  r e t e n t i o n  tim e  
o f  2 .3  min r e p re s e n te d  l e s s  th a n  1% o f  th e  sam p le .
P r e p a r a t io n  o f  5 -P h e n y lh e x a n o ic  A c id . C a rb o n a tio n  
o f  th e  G r ig n a rd  r e a g e n t  from  l - c h lo r o - 4 -p h e n y lp e n ta n e  (0 .2 8  
m o l, 1 .2  N) p ro v id e d  4 2 .4  g (79%) o f  5 -p h e n y lh e x a n o ic  a c id  
a s  a  c o l o r l e s s  l i q u i d ,  bp 130-9° (0 .5 5 -0 .6 5  mm) [ l i t . 1^ bp 
156° (1 mm)]; i r  ( n e a t )  1710 cm 1 (C =0), 3020 cm 1 (OH); nmr
( n e a t )  S 1 .5 7  ( c ,  1 0 ) , 6 .8 3  (m, 5 , P h ) , 13 .85  ( s ,  1 , COOH).
The G rig n a rd  r e a g e n t  was o b ta in e d  in  93% y i e l d  from
l- c h lo r o - 4 -p h e n y lp e n ta n e  (5 8 .2  g , 0 .3 2  m ol) and d o u b ly  su b ­
lim ed  m agnesium  ( 7 .8  g , 0 .3 2  m o l) .
P r e p a r a t io n  o f  5 -P h e n y l-1 -h e x a n o l . The r e d u c t io n  o f  
5 -p h e n y lh e x a n o ic  a c id  (42 g ,  0 .2 2  m ol) w ith  l i th iu m  alum inum  
h y d r id e  (9 g ,  0 .2 4  m ol) in  e t h e r  a f fo rd e d  3 5 .7  g (91%) o f  5 - 
p h e n y l-1 -h e x a n o l  a s  a  c o l o r l e s s  l i q u i d ,  bp 95-110° (0 .5  mm) 
[ l i t . 1^ bp 127° (1 mm)]; i r  ( n e a t )  3330 cm 1 (OH); nmr ( n e a t )
S 1 .0 7  ( c ,  9 ) ,  2 .2 8  (m, 1 , CH), 3 .1 7  ( t ,  2 ,  CH20H) , 4 .3 8
( s ,  1 , OH), 6 .8 5  (m, 5 , P h ) .
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The p ro d u c t  was p u re  a s  d e te rm in e d  by g lp c  a n a ly s i s
on colum n E a t  220° and 60 m l/m in  ( r e t e n t i o n  t im e , 1 0 .2  m in ) .
P r e p a r a t io n  o f  l -C h lo ro -5 -p h e n y lh e x a n e . R e a c tio n  o f  
5 -p h e n y l-1 -h e x a n o l  (1 7 .8  g ,  0 .1  m ol) in  p y r id in e  (7 .9  g ,  OJL 
m ol) w i th  t h io n y l  c h lo r id e  (1 1 .9  g , 0 .1  m ol) gave 1 3 .8  g 
(707o) o f  l - c h lo ro -5 -p h e n y lh e x a n e  a s  a  c o l o r l e s s  l i q u i d ,  bp 
82-87° (0 .7 5  mm); i r  ( n e a t )  650 cm ^ (C -C l) ;  nmr ( n e a t )  1 .2  
( c ,  9 ) ,  2 .3 7  (m, 1 , CH), 3 .0 2  ( t ,  2 , CH2C 1 ), 6 .9 4  (m, 5 ,  P h ) .
The p ro d u c t  was p u re  a s  in d ic a te d  by g lp c  a n a ly s i s
on colum n E a t  220° and 60 m l/m in  ( r e t e n t i o n  t im e , 5 m in ) .
P r e p a r a t io n  o f  2 -C y c lo h e x y l- l - p r o p a n o l . H ydrogena­
t i o n  o f  2 - p h e n y l - l - p ro p a n o l  (1 3 .6  g ,  0 .1  m ol) was acco m p lish e d  
i n  95% e th a n o l  (100 m l) and g l a c i a l  a c e t i c  a c id  (1 m l) o v e r  
5% Rh/C (2 .5  g) a t  19° and 60 p s i  hydrogen  p r e s s u r e .  A f te r  
21 h r s ,  when hydrogen  was no lo n g e r  ta k e n  u p , th e  r e a c t i o n  
m ix tu re  was f i l t e r e d  and c o n c e n t r a te d .  The c o n c e n t r a te  was 
d i s s o lv e d  in  e t h e r ,  and th e  r e s u l t i n g  s o lu t io n  was w ashed 
w i th  s a tu r a t e d  sodium  b ic a r b o n a te  s o lu t i o n ,  d r ie d  (MgSO^), 
c o n c e n t r a te d ,  and d i s t i l l e d  th ro u g h  a  10 cm V ig reu x  colum n 
y i e l d i n g  8 g (60%) o f  2 - c y c lo h e x y l - l - p r o p a n o l ,  bp 78-79° (1 .5  
mm) [ l i t . ^  84° (2 mm)]; i r  ( n e a t )  1040, 3330 cm ^ (OH); nmr 
( n e a t )  S 1 .2 8  ( c ,  1 5 .2 ) ,  3 .2 7  ( t ,  2 , CH20H ), 4 .4 8  ( s ,  1 , OH) 
6 .9  ( s ,  0 . 1 ) .
G lpc a n a ly s i s  on colum n B a t  150° and 40 m l/m in  
showed two p e a k s ; 1) r e t e n t i o n  t im e , 4 .0  m in (99% ); 2 ) 3 .0  
m in (1% ).
P r e p a r a t io n  o f  l -C h lo ro -2 -c y c lo h e x y lp ro p a n e . T r e a t ­
m ent o f  2 - c y c lo h e x y l - l - p r o p a n o l  (1 2 .4  g ,  0 .0 8 7  m ol) w ith  
t h i o n y l  c h lo r id e  (1 0 .7  g ,  0 .0 9  m ol) in  th e  p re se n c e  o f  
p y r id in e  ( 7 .1  g ,  0 .0 9  m ol) a f fo rd e d  8 .5  g (61%) o f  1 - c h lo ro -  
2 -c y c lo h e x y lp ro p a n e  as  a  c o l o r l e s s  l i q u i d ,  bp 74-75° (8 mm); 
i r  ( n e a t )  730 cm ^ (C -C l) ;  nmr ( n e a t )  S 1 .3 2  ( c ,  1 5 .6 ) ,
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3 .4 0  (d , 2 ,  CH2C 1 ), 7 .1 5  ( s ,  0 .0 6 ) .
G lpc a n a l y s i s  on column B a t  100° and 40 m l/m in  i n ­
d ic a t e d  th e  p re s e n c e  o f  two com ponents: 1) r e t e n t i o n  t im e ,
0 .8  m in (2 .4 % ); 2 ) r e t e n t i o n  t im e , 6 .2  min (9 7 .6 % ).
P r e p a r a t io n  o f  3 - C y c lo h e x y l-1 -b u ta n o l . H y d ro g en a tio n  
o f  3 -p h e n y l-1 - b u ta n o l  (15 g ,  0 .1  m ol) was e f f e c t e d  in  95% 
e th a n o l  (100 m l) o v e r  5% Rh/C a t  24° and 60 p s i  hyd rogen  
p r e s s u r e .  A f te r  u p ta k e  o f  th e  t h e o r e t i c a l  q u a n t i t y  o f  h y d ro ­
g e n , th e  c a t a l y s t  was f i l t e r e d  from  th e  m ix tu re ,  and th e  
f i l t r a t e  was c o n c e n t r a te d .  D i s t i l l a t i o n  o f  th e  p ro d u c t 
th ro u g h  a  10 cm V ig reu x  colum n gave 14 g (90%) o f  3 - c y c lo -
h e x y l - 1 - b u ta n o l  a s  a  c o l o r l e s s  l i q u i d ,  bp 121-4° (17 mm)
20 -1 [ l i t .  bp 128° (15 mm)]; i r  ( n e a t )  1050, 3340 cm (OH);
nmr ( n e a t )  6 1 .1 2  ( c ,  1 8 .4 ) ,  3 .5 0  ( t ,  2 , CH20H ), 4 .9 4  ( s ,
1 , OH).
G lpc a n a ly s i s  o f  th e  p ro d u c t on column G a t  210° and 
60 m l/m in  gave one p eak  a t  7 .0  m in .
P r e p a r a t io n  o f  l -C h lo ro - 3 - c y c lo h e x y lb u ta n e . T r e a t ­
m ent o f  3 - c y c lo h e x y l - l - b u ta n o l  (1 3 .6  g ,  0 .0 9  m ol) w i th  
t h io n y l  c h lo r id e  (1 0 .4  g , 0 .0 9  m ol) i n  th e  p re s e n c e  o f  p y r i ­
d in e  (6 .9  g ,  0 .0 8 7  m ol) p ro v id e d  4 .7  g (31%) o f  l - c h lo r o - 3 -  
c y c lo h e x y lb u ta n e  a s  a  c o l o r l e s s  l i q u i d ,  bp 106° (16 nm ); i r  
( n e a t )  655 cm ^ (C -C l) ;  nmr ( n e a t )  S 1 .3 2  ( c ,  1 7 .7 ) ,  3 .4 3  
( t ,  2 ,  CH2C 1 ).
The p ro d u c t  was p u re  a s  in d ic a te d  by g lp c  a n a ly s i s
on colum n D a t  210° and 60 m l/m in .
P r e p a r a t io n  o f  4 - C y c lo h e x y l-1 -p e n ta n o l . H ydrogena- 
a t i o n  o f  4 -p h e n y l-1 - p e n ta n o l  (6 5 .6  g , 0 .4  m ol) was acco m p lish ed  
i n  95% e th a n o l  (400 m l) and g l a c i a l  a c e t i c  a c id  (4 m l) o v er 
5% Rh/C (6 g ) a t  23° and 60 p s i  hydrogen  p r e s s u r e .  A f te r  29 
h r s ,  when h y d ro g en  was no lo n g e r  a b s o rb e d , th e  r e a c t i o n  m ix­
t u r e  was t r e a t e d  in  th e  m anner d e s c r ib e d  f o r  th e  p r e p a r a t io n
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o f  2 - c y c lo h e x y l - l - p r o p a n o l .  D i s t i l l a t i o n  o f  th e  p ro d u c t 
th ro u g h  a  10 cm V ig reu x  column y ie ld e d  5 6 .7  g (85%) o f  4 -  
c y c lo h e x y l - l - p e n ta n o l  as  a c o l o r l e s s  l i q u i d ,  bp 107-111°
(1 .2 5  mm) [ l i t . 20 bp 134° (15 mm)]; i r  (n e a t)  1055, 3330 
cm (OH); nmr ( n e a t )  8 1 .3 3  ( c ,  1 9 ) , 3 .4 3  ( t ,  2 , CH^OH),
4 .6  ( s ,  1 , OH).
G lpc a n a ly s i s  o f  th e  p ro d u c t on column E a t  220° and 
60 m l/m in  gave a  m a jo r peak  a t  5 .6  m in . A second  com ponent 
w i th  a  r e t e n t i o n  tim e  o f  4 .2  min r e p re s e n te d  1% o f  th e  
s a m p le .
P r e p a r a t io n  o f  l -C h lo ro - 4 - c y c lo h e x y lp e n ta n e . T r e a t ­
m ent o f  4 - c y c lo h e x y l - l - p e n ta n o l  (56 g , 0 .3 3  m ol) w ith  t h io n y l  
c h lo r id e  (3 9 .3  g ,  0 .3 3  m ol) in  th e  p re se n c e  o f  p y r id in e  (26 
g , 0 .3 3  m ol) p ro v id e d  5 4 .3  g (88%) o f  l - c h lo r o - 4 - c y c lo h e x y l -  
p e n ta n e  a s  a c o l o r l e s s  l i q u i d ,  bp 89° (1 .5  mm); i r  ( n e a t )
650 cm ^ (C -C l) ;  nmr (n e a t )  8 1 .3  ( c ,  1 9 .2 ) ,  3 .3 2  ( t ,  2 , 
CH9C 1).
The p ro d u c t was p u re  a s  d e te rm in e d  by g lp c  a n a ly s i s  
on colum n E a t  180° and 60 m l/m in  ( r e t e n t i o n  t im e , 6 .5  m in ) .
P r e p a r a t io n  o f  5 - C y c lo h e x y l- l- h e x a n o l . H y d ro g en a tio n  
o f  3 -p h e n y l-1 -h e x a n o l  (1 7 .2  g ,  0 .0 9 6  m ol) was e f f e c t e d  in  95% 
e th a n o l  (100 m l) and g l a c i a l  a c e t i c  a c id  (1 m l) o v e r 5% Rh/C 
(2 .5  g ) a t  25° and 60 p s i  h y d rogen  p r e s s u r e .  A f te r  7 h r s  when 
h y d ro g en  was no lo n g e r  ta k e n  u p , th e  r e a c t io n  m ix tu re  was 
t r e a t e d  in  th e  same m anner a s  t h a t  f o r  th e  p r e p a r a t io n  o f
2 - c y c lo h e x y l - l - p r o p a n o l .  D i s t i l l a t i o n  o f  th e  p ro d u c t th ro u g h  
a  10 cm V ig re u x  colum n f u rn is h e d  15 .5  g (88%) o f  5 - c y c lo h e x y l-  
1 -h e x a n o l a s  a  c o l o r l e s s  l i q u i d ,  bp 100-4° (0 .6  mm); i r  
( n e a t )  1050, 3330 cm ^ (OH); nmr (n e a t)  S 1 .2 2  ( c ,  2 1 ) ,
3 .3 5  ( t ,  2 ,  CH^OH), 4 .8 0  ( s ,  1 , OH). The Europium  s h i f t  nmr*
* D r. R onald  L . A tk in s  d id  th e  nmr w ork.
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was c o n s i s t e n t  w i th  th e  s t r u c t u r e .
G lpc a n a ly s i s  o f  th e  p ro d u c t on column E a t  212° and 
60 m l/m in  showed one p eak  ( r e t e n t i o n  t im e , 8 .6  m in ) .
P r e p a r a t io n  o f  l -C h lo ro -5 -c y c lo h e x y lh e x a n e . T r e a t ­
m ent o f  5 - c y c lo h e x y l-1 -h e x a n o l  (1 4 .7 5  g ,  0 .0 8  m ol) w i th  
t h io n y l  c h lo r id e  (9 .5  g ,  0 .0 8  m ol) in  th e  p re se n c e  o f  p y r i ­
d in e  ( 6 .3  g ,  0 .0 8  m ol) y ie ld e d  1 1 .1  g (70%) o f  l - c h l o r o - 5 -  
c y c lo h e x y lh e x a n e  a s  a  c o l o r l e s s  l i q u i d ,  bp 84-86° (0 .7  mm); 
i r  ( n e a t )  655 cm ^ (C -C l);  nmr ( n e a t )  8 1 .2 8  ( c ,  2 1 .1 ) ,
3 .4 0  ( t ,  2 ,  CH2C 1 ).
G lpc a n a ly s i s  on colum n E a t  212° and 60 m l/m in  
showed a m a jo r  p eak  a t  2 .9  m in and two s m a ll  p eaks a t  0 .6  
n in  and 2 .1  m in w hich  to g e th e r  co m p rised  3% o f  th e  sam p le .
P r e p a r a t io n  o f  t - B u ty l  P heny l K e to n e .^  M agnesium 
(37 g , 1 .5  m ol) c o n ta in e d  in  a  th re e -n e c k e d  ro u n d -b o tto m ed  
f l a s k  f i t t e d  w i th  c o n d e n se r  and m e c h a n ic a l s t i r r e r  was 
co v e re d  w i th  so d iu m -d rie d  e t h e r .  A s o lu t io n  o f  t - b u t y l  
c h lo r id e  (150 g , 1 .6  m ol) in  e t h e r  (500 m l) was added d ro p -  
w ise  to  th e  m ix tu re  a t  a  r a t e  c o n d u c iv e  to  g e n t le  r e f l u x .
The m ix tu re  was a llo w ed  to  s ta n d  o v e rn ig h t  and was th e n  
f i l t e r e d  th ro u g h  a  f r i t t e d  g l a s s  f i l t e r  i n t o  an a d d i t io n  
f u n n e l .  The G rig n a rd  r e a g e n t  was added s lo w ly  to  a  w e l l -  
s t i r r e d  s u s p e n s io n  o f  cu p ro u s  c h lo r id e  in  e t h e r  (100 m l) and 
b e n z o n i t r i l e  (125 g ,  1 .2 5  m o l) . Once th e  a d d i t i o n  was com­
p l e t e d ,  th e  g re e n  m ix tu re  was r e f lu x e d  f o r  a  few h o u rs  and 
th e n  h y d ro ly z e d  by r e f lu x in g  f o r  two h o u rs  w ith  10% h y d ro ­
c h l o r i c  a c id  s o lu t i o n  (500 m l) .  The two l a y e r s  w ere s e p a r a ­
t e d ,  and th e  aqueous l a y e r  was w ashed w ith  s a tu r a t e d  sodium  
b ic a r b o n a te  s o lu t i o n  ( u n t i l  th e  wash was no lo n g e r  b lu e )  and 
w a te r .  The e t h e r e a l  s o lu t i o n  was d r ie d  (MgSO^) and co n cen ­
t r a t e d .  D i s t i l l a t i o n  o f  th e  p ro d u c t  th ro u g h  a  10 cm V ig reu x  
colum n gave 90 g o f  k e to n e  c o n ta m in a te d  w i th  b e n z o n i t r i l e
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p lu s  66 g o f  p u re  t - b u t y l  p h e n y l k e to n e ,  bp 219-220° (760
mm) [ l i t . '* ' 75-78° ( 0 .7  mm)]; i r  ( n e a t )  1680 cm *" (C =0); nmr
( n e a t )  8 1 .3 0  ( s ,  9 ,  t - B u ) , 7 .4 8  (m, 3 , P h ) , 7 .8 6  (m, 2 , P h ) .
P r e p a r a t io n  o f  t - B u ty lp h e n y lc a r b in o l . R e d u c tio n  o f
t - b u ty lp h e n y lc a r b in o l  (3 2 .4  g ,  0 .2  m o l, im pure) w i th  l i t h iu m
alum inum  h y d r id e  (2 .8  g ,  0 .0 7 5  m o l, 50% e x c e s s )  y ie ld e d  13 g
21o f  t - b u t y lp h e n y lc a r b in o l  a s  a  w h ite  s o l i d ,  mp 45° [ l i t .  mp 
4 5 ° ] ;  i r  ( n u jo l  and h a lo c a rb o n  m u lls )  1050 , 3450 cm""*' (OH).
The p ro d u c t  was p u re  a s  in d ic a te d  by g lp c  a n a ly s i s  
on colum n F a t  182° and 60 m l/m in .
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G rig n a rd  R e d u c tio n  R e a c tio n s
P r e p a r a t io n  o f  th e  G rig n a rd  R eag en t from  l -C h lo r o - 2 -
p h e n v le th a n e . The G rig n a rd  r e a g e n t  was p re p a re d  in  71% 
y i e l d  from  l - c h lo r o - 2 - p h e n y le th a n e  (7 .0  g ,  0 .0 5  m ol) and 
d o u b ly  su b lim e d  m agnesium  (1 .2  g ,  0 .0 5  m o l) .  A w h ite  s o l i d  
p r e c i p i t a t e d  d u r in g  th e  r e a c t i o n .  R e f lu x  t im e : 2 h r s
R e a c tio n  o f  t - B u ty l  P h en y l K etone w ith  th e  G rig n a rd  
R eag en t from  l - C h lo ro - 2 - p h e n y le th a n e . The fo llo w in g  am ounts
o f  r e a c t a n t s  w ere u s e d :
t - B u t y l  P h en y l
R e a c tio n  G rig n a rd  R eag en t K etone_____
1 0 .0 1 1 7  mol (30 m l o f  0 .3 9  N) 1 .9 0  g ,  0 .0 1 1 7  m ol
2 0 .0 1 3 6  mol (35 ml o f  0 .3 9  N) 2 .2 1  g ,  0 .0 1 3 6  m ol
P ro d u c ts  from  th e  r e a c t i o n  w ere a n a ly z e d  by g lp c  on 
column G a t  172° and 60 m l/m in  u s in g  1 -p h e n y le th a n o l  a s  an 
i n t e r n a l  s ta n d a r d .  The r e s u l t s  fo llo w :
Wt o f  t - B u t y l -  R ed u c tio n  Wt o f  2 -P h e n y l-
R e a c tio n  p h e n y lc a r b in o l  Y ie ld  e th a n o l__________
1 1 .8 2  g 95% 0 .0 3 -0 .0 4  g
2 2 .0 9  g 94% 0 .0 3 -0 .0 4  g
P r e p a r a t io n  o f  th e  G rig n a rd  R eagen t from  l -C h lo r o - 3 -  
p h e n y lp ro p a n e . F i r s t  T r i a l . The G rig n a rd  r e a g e n t  was p r e ­
p a re d  in  82% y i e l d  from  l - c h lo ro -3 -p h e n y lp ro p a n e  (1 5 .4  g ,
0 .1  m ol) and d o u b ly  su b lim ed  m agnesium  ( 2 .4  g , 0 .1  m o l) .
R e f lu x  t im e :  2 h r s
R e a c tio n  o f  t - B u ty l  P h en y l K etone w ith  th e  G rig n a rd  
R eag en t from  l-C h lo ro -3 -p h e n y lp ro p a n e . F i r s t  T r i a l . P ro d u c ts  
from  th e  r e a c t i o n  o f  t - b u t y l  p h e n y l k e to n e  (3 .4  g , 0 .0 2 1  m ol) 
w i th  th e  G rig n a rd  r e a g e n t  from  l - c h lo ro -3 -p h e n y lp ro p a n e  (0 .0 2 1 , 
25 m l o f  0 .8 4  N) w ere a n a ly z e d  on column F a t  182° and 60 
m l/m in  u s in g  1 -p h e n y le th a n o l  a s  an i n t e r n a l  s ta n d a r d .
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The r e s u l t s  fo llo w :
Wt o f  t - B u ty l -  R e d u c tio n  Wt o f  3 -P h e n y l-
R e d u c tio n  p h e n y lc a rb in o l  Y ie ld  1 -p ro p a n o l______
1 2 .7 4  g 79% 0 .0 5  g
2 2 .7 5  g 80% 0 .0 4  g
P r e p a r a t io n  o f  th e  G rig n a rd  R eag en t from  l -C h lo ro - 3 -  
p h e n y lp ro p a n e . Second T r i a l . The G rig n a rd  r e a g e n t  was 
p re p a re d  in  76% y i e ld  from  l - c h lo ro -3 -p h e n y lp ro p a n e  (7 .7 2  g ,  
0 .0 5  m ol) and d o u b ly  su b lim ed  m agnesium  (1 .2  g ,  0 .0 5  m o l) . 
R e f lu x  t im e :  3 h r s
R e a c tio n  o f  t - B u ty l  P heny l K etone w i th  th e  G rig n a rd  
R eag en t from  l -C h lo ro -3 -p h e n y lp ro p a n e . Second T r i a l . 
P ro d u c ts  from  th e  r e a c t i o n  o f  t - b u t y l  p h en y l k e to n e  (1 .6 6  g ,
0 .0 1 0 2  m ol) w i th  th e  G rig n a rd  r e a g e n t  from  l - c h lo r o - 3 - p h e n y l -  
p ro p an e  (0 .0 1 0 2  m ol, 25 ml o f  0 .4 1  N) w ere a n a ly z e d  by g lp c  
on colum n F a t  182° and 60 m l/m in  u s in g  1 -p h e n y le th a n o l  as  
an  i n t e r n a l  s ta n d a r d .  The r e s u l t s  fo llo w :
Wt o f  t - B u ty l -  R ed u c tio n  Wt o f  3 -P h e n y l-
R e a c tio n  p h e n y lc a rb in o l  Y ie ld  1 -p ro p a n o l_______
1 1 .3 1  g 78% 0 .0 9  g
2 1 .3 3  g 80% 0 .0 8  g
3 1 .3 5  g 81% 0 .0 8  g
P r e p a r a t io n  o f  th e  G rig n a rd  R eag en t from  l - C h lo r o - 4 -  
p h e n y lb u ta n e . The G rig n a rd  r e a g e n t  was p re p a re d  i n  81% 
y i e l d  from  l - c h lo r o - 4 -p h e n y lb u ta n e  (8 .4  g ,  0 .0 5  m ol) and 
d o u b ly  su b lim ed  m agnesium  (1 .2  g ,  0 .0 5  m o l) .  R e f lu x  tim e :
4 h r s
R e a c tio n  o f  t - B u ty l  P heny l K etone w ith  th e  G rig n a rd  
R eag en t from  l-C h lo ro - 4 - p h e n y lb u ta n e . P ro d u c ts  from  th e  
r e a c t i o n  o f  t - b u t y l  p h e n y l k e to n e  (2 .1 2  g ,  0 .0 1 3  m ol) w ith
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th e  G rig n a rd  r e a g e n t  from  l - c h lo r o - 4 -p h e n y lb u ta n e  (0 .0 1 3 1  
m ol, 30 ml o f  0 .4 3 7  N) w ere a n a ly z e d  by g lp c  on colum n F a t  
182° and 60 m l/m in  u s in g  1 -p h e n y le th a n o l a s  an i n t e r n a l  
s ta n d a r d .  The r e s u l t s  fo llo w :
Wt o f  t - B u t y l -  R ed u c tio n  Wt o f  4 -P h e n y l-  
R e a c tio n  p h e n y lc a rb in o l  Y ie ld  1 - b u ta n o l_______
1 1 .9 8  g 92% 0 .0 8  (1 9 0 °)
2 1 .9 9  g 93% 0 .0 8  (1 9 0 °)
P r e p a r a t io n  o f  th e  G rig n a rd  R eagen t from  l -C h lo ro -5 -  
p h e n y lp e n ta n e . The G rig n a rd  r e a g e n t  was p re p a re d  in  88%
y ie ld  from  l- c h lo ro - 5 -p h e n y lp e n ta n e  (9 .1  g ,  0 .0 5  m o l) and 
d o u b ly  su b lim ed  m agnesium  (1 .2  g ,  0 .0 5  m o l) . R e f lu x  t im e :
5 h r s
R e a c tio n  o f  t - B u ty l  P h en y l K etone w i th  th e  G rig n a rd  
R eagen t from  l -C h lo ro -5 -p h e n y lp e n ta n e . P ro d u c ts  from  th e  
r e a c t i o n  o f  t - b u t y l  p h e n y l k e to n e  (2 .3 5  g , 0 .0 1 4 5  m ol) w i th  
th e  G rig n a rd  r e a g e n t  from  l- c h lo ro - 5 -p h e n y lp e n ta n e  (0 .0 1 4 5  
m ol, 30 m l o f  0 .4 8 3  N) w ere a n a ly z e d  by g lp c  on colum n F a t  
172° and 60 m l/m in  u s in g  1 -p h e n y le th a n o l  a s  an i n t e r n a l  
s ta n d a r d .  The r e s u l t s  fo llo w :
Wt o f  t - B u t y l -  R ed u c tio n  Wt o f  5 -P h e n y l-
R e a c tio n  p h e n y lc a r b in o l  Y ie ld  1 - p e n ta n o l_______
1 2 .0 1  g 84% 0 .0 8  (1 8 2 °)
2 2 .0 9  g 88% 0 .0 8  (1 8 2 °)
P r e p a r a t io n  o f  th e  G r ig n a rd  R eagen t from  l - C h lo r o - 2 -  
p h e n y lp ro p a n e . The G rig n a rd  r e a g e n t  was p re p a re d  i n  75% 
y ie ld  from  l - c h lo ro -2 -p h e n y lp ro p a n e  (8 .5  g , 0 .5 5  m ol) and 
d o u b ly  su b lim ed  m agnesium  (1 .4  g ,  0 .5 7  m o l) . A few  d ro p s  
o f  e th y le n e  brom ide w ere u sed  to  i n i t i a t e  th e  r e a c t i o n .  
R e flu x  t im e : 2 h r s
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R e a c tio n  o f  t - B u ty l  P h en y l K etone w i th  th e  G rig n a rd  
R eag en t from  l-C h lo ro -2 -p h e n y lp ro p a n e . P ro d u c ts  from  th e  
r e a c t i o n  o f  t - b u t y l  p h e n y l k e to n e  (2 .4 3  g , 0 .0 1 5  m ol) w ith  
th e  G r ig n a rd  r e a g e n t  from  l-c h lo ro -2 -p h e n y lp ro p a n e  (0 .0 1 5  
m o l, 35 ml o f  0 .4 2 8  N) w ere a n a ly z e d  on colum n F a t  182° and 
60 m l/m in  u s in g  1 -p h e n y le th a n o l  a s  an  i n t e r n a l  s ta n d a r d .
B oth  t - b u ty lp h e n y lc a r b in o l  and 2 - p h e n y l - l - p r o p a n o l ,  a  p o s s ib le  
p r o d u c t ,  h av e  th e  same r e t e n t i o n  tim e  u n d e r  th e  above c o n d i­
t i o n s .  H owever, th e  ab se n c e  o f  2 - p h e n y l - l - p ro p a n o l  was 
e s t a b l i s h e d  by p r i o r  a n a l y s i s  o f  p ro d u c ts  on colum n D a t  
182° and 60 m l/m in . The r e s u l t s  fo l lo w :
Wt o f  t - B u ty l -  R e d u c tio n  Wt o f  2 -P h e n y l-
R e a c tio n  p h e n y lc a r b in o l  Y ie ld  1 -p ro p a n o l_______
1 2 .3 6  g 96% 0 .0 0  g (D, 182°)
2 2 .4 1  g 98% 0 .0 0  g (D, 182°)
P r e p a r a t io n  o f  th e  G r ig n a rd  R eag en t from  l - C h lo r o - 3 -  
o h e n y lb u ta n e . The G rig n a rd  r e a g e n t  was p re p a re d  i n  787. 
y i e l d  from  l - c h lo r o - 3 -p h e n y lb u ta n e  (8 .4  g , 0 .0 5  m ol) and 
d o u b ly  su b lim ed  m agnesium  (1 .2  g , 0 .0 5  m o l) .  R e f lu x  tim e :
5 h r s
R e a c tio n  o f  t - B u ty l  P h e n y l K etone w i th  th e  G rig n a rd  
R eag en t from  l -C h lo ro - 3 - p h e n y lb u ta n e . P ro d u c ts  from  th e  
r e a c t i o n  o f  t - b u t y l  p h en y l, k e to n e  (2 .1 1  g , 0 .0 1 3  m ol) w ith  
th e  G rig n a rd  r e a g e n t  from  l - c h lo r o - 3 -p h e n y lb u ta n e  (0 .0 1 3  
m ol, 30 ml o f  0 .4 3 3  N) w ere a n a ly z e d  by g lp c  on colum n F a t  
182° and 60 m l/m in  u s in g  1 -p h e n y le th a n o l  a s  an  i n t e r n a l  
s ta n d a r d .  The r e s u l t s  fo llo w :
Wt o f  t - B u t y l -  R e d u c tio n  Wt o f  3 -P h e n y l-
R e a c tio n  p h e n y lc a rb in o l  Y ie ld  1 -b u ta n o l________
1 1 .0 0  g 47% 0 .0 9 - 0 .1  g
2 1 .0 0  g 47% 0 .1 0 -0 .1 1  g
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P r e p a r a t io n  o f  th e  G rig n a rd  R eagent from  l - C h lo r o - 4 -
p h e n y lp e n ta n e . The G rig n a rd  r e a g e n t  was p re p a re d  in  79% 
y i e l d  from  l- c h lo r o - 4 -p h e n y lp e n ta n e  (7 .2  g ,  0 .0 4  m ol) and 
d o u b ly  su b lim ed  m agnesium  (1 .2  g ,  0 .0 5  m o l) . R e f lu x  t im e :
3 h r s
R e a c tio n  o f  t - B u ty l  P heny l K etone w i th  th e  G rig n a rd  
fro m  l - C h lo ro - 4 - p h e n v lp e n ta n e . P ro d u c ts  from  th e  r e a c t i o n  
o f  t - b u t y l  p h en y l k e to n e  (2 .0 3  g ,  0 .0 1 2  m ol) w i th  th e  G r ig ­
n a rd  r e a g e n t  from  l - c h lo r o - 4 -p h e n y lp e n ta n e  (0 .0 1 2  m o l, 35 ml 
o f  0 .3 5 7  N) w ere a n a ly z e d  by g lp c  on colum n F a t  182° and 
60 m l/m in  u s in g  1 -p h e n y le th a n o l  a s  an  i n t e r n a l  s ta n d a r d .  The 
r e s u l t s  f o l lo w :
Wt o f  t - B u t y l -  R e d u c tio n  Wt o f  4 -P h e n y l-
R e a c tio n  p h e n y lc a r b in o l  Y ie ld  1 -p e n ta n o l______
1 1 .8 7  g 91% 0 .0 2  g
2 1 .8 7  g 91% 0 .0 8  g
P r e p a r a t io n  o f  th e  G rig n a rd  R eag en t from  l - C h lo r o - 5 -  
o h e n y lh e x a n e . The G rig n a rd  r e a g e n t  was p re p a re d  in  78% 
y i e l d  from  l- c h lo ro -5 -p h e n y lh e x a n e  (7 .8  g ,  0 .0 4  m ol) and 
d o u b ly  su b lim ed  m agnesium  ( 1 .0 ,  0 .0 4  m o l) . R e f lu x  t im e :
4 h r s
R e a c tio n  o f  t - B u ty l  P h en y l K etone w i th  th e  G rig n a rd  
R eag en t from  l-C h lo ro -5 -p h e n y lh e x a n e . P ro d u c ts  from  th e  
r e a c t i o n  o f  t - b u t y l  p h en y l k e to n e  (1 .9 6  g ,  0 .0 1 2  m ol) w i th  
th e  G rig n a rd  r e a g e n t  from  l-c h lo ro -5 -p h e n y lh e x a n e  (0 .0 1 2  
m o l, 35 ml o f  0 .3 4 6  N) w ere a n a ly z e d  by g lp c  on colum n G 
a t  182° and 60 m l/m in  u s in g  1 -p h e n y le th a n o l  a s  an  i n t e r n a l  
s ta n d a r d .  The r e s u l t s  fo llo w :
Wt o f  t - B u t y l -  R ed u c tio n  Wt o f  5 -P h e n y l-
R e a c tio n  p h e n y lc a r b in o l  Y ie ld  1 -h e x a n o l________
1 1 .8 6  g 94% 0 .0 9  g (F , 182°)
2 1 .8 6  g 94% 0 .1 0  g (F , 182°)
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P r e p a r a t io n  o f  th e  G rig n a rd  R eagen t from  l -C h lo ro - 2 -  
c y c lo h e x y lp ro p a n e . The G rig n a rd  r e a g e n t  was p re p a re d  in  
55% y i e l d  from  l-c h lo ro - 2 -c y c lo h e x y lp r o p a n e  (4 .0  g ,  0 .0 2 5  
m ol) and d o u b ly  su b lim ed  m agnesium  (0 .6  g ,  0 .0 2 5  m o l) .  The 
r e a c t i o n  p ro c e d ed  v e ry  s lo w ly  ev en  a f t e r  th e  a d d i t io n  o f  a  
few  d ro p s  o f  e th y le n e  b ro m id e . R e f lu x  t im e : 8 h r s
R e a c tio n  o f  t - B u ty l  P henyl K etone w i th  th e  G rig n a rd  
R eag en t from  l -C h lo ro -2 -c y c lo h e x y lp ro p a n e . P ro d u c ts  from  
th e  r e a c t i o n  o f  t - b u t y l  p h e n y l k e to n e  (0 .7 5  g ,  0 .0 0 4  m ol) 
w i th  th e  G rig n a rd  r e a g e n t  from  l - c h lo r o - 2 -c y c lo h e x y lp r o p a n e  
(0 .0 0 4  m o l, 30 m l o f  0 .1 5 4  N) w ere a n a ly z e d  by g lp c  on colum n 
G a t  172° and 60 m l/m in  u s in g  1 -p h e n y le th a n o l  a s  an i n t e r n a l  
s ta n d a r d .  The r e s u l t s  f o llo w :
Wt o f  t - B u t y l -  R e d u c tio n  Wt o f  2 -C y c lo h e x y l-
R e a c tio n  p h e n y lc a r b in o l  Y ie ld  1 -p ro p a n o l__________
1 0 .7 1  g 95% 0 .1 - 0 .1 2  g
2 0 .7 4  g 98% 0 .1 0  g
P r e p a r a t io n  o f  th e  G rig n a rd  R eag en t from  l - C h lo r o - 3 -  
c y c lo h e x y lb u ta n e . The G rig n a rd  r e a g e n t  was p re p a re d  i n  70% 
y i e l d  from  l - c h lo r o - 3 - c y c lo h e x y lb u ta n e  (5 .6  g ,  0 .032  m ol) 
and d o u b ly  su b lim ed  m agnesium  (0 .8  g ,  0 .3 3  m o l) .  The r e a c t i o n  
was i n i t i a t e d  w i th  e th y le n e  b ro m id e . R e flu x  t im e : 7 h r s
R e a c tio n  o f  t - B u ty l  P heny l K etone w ith  th e  G rig n a rd  
R eag en t from  l - C h lo ro - 3 - c y c lo h e x y lb u ta n e . P ro d u c ts  from  
th e  r e a c t i o n  o f  t - b u t y l  p h en y l k e to n e  (1 .3 1  g ,  0 .0 0 8  m ol) 
w i th  th e  G r ig n a rd  r e a g e n t  from  l - c h lo r o - 3 - c y c lo h e x y lb u ta n e  
(0 .0 0 8  m o l, 35 ml o f  0 .2 3 2  N) w ere a n a ly z e d  by g lp c  on colum n 
G a t  182° and 60 m l/m in  u s in g  1 -p h e n y le th a n o l  a s  an i n t e r n a l  
s ta n d a r d .  The r e s u l t s  fo llo w :
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Wt o f  t - B u t y l -  R e d u c tio n  Wt o f  3 -C y c lo -
R e a c tio n  p h e n y lc a r b in o l  Y ie ld  h e x y l - l - b u ta n o l
1 0 .9 9  g 74% 0 .0 7 -0 .0 8  g
2 0 .9 9  g 74% 0 .0 5 -0 .0 7  g
P r e p a r a t io n  o f  th e  G rig n a rd  R eag en t from  l - C h lo r o - 4 -  
c y c lo h e x y lp e n ta n e . The G rig n a rd  r e a g e n t  was p re p a re d  in  
82% y ie ld  from  l - c h lo r o - 4 -c y c lo h e x y lp e n ta n e  (9 .4  g ,  0 .0 5  m ol) 
and d o u b ly  su b lim ed  m agnesium  (1 .2  g ,  0 .0 5  m o l) .  The r e a c ­
t i o n  was i n i t i a t e d  w ith  e th y le n e  b ro m id e . R e flu x  t im e :  5
h r s
R e a c tio n  o f  t - B u ty l  P heny l K etone w i th  th e  G rig n a rd  
R ea g en t from  l-C h lo ro - 4 - c y c lo h e x y lp e n ta n e . P ro d u c ts  from  
th e  r e a c t i o n  o f  t - b u t y l  p h e n y l k e to n e  (2 .6  g , 0 .0 1 6  m ol) 
w i th  th e  G r ig n a rd  r e a g e n t  from  l - c h lo r o - 4 -c y c lo h e x y lp e n ta n e  
(0 .0 1 6  m ol, 35 ml o f  0 .4 5 8  N) w ere a n a ly z e d  by g lp c  on 
colum n G a t  182° and 60 m l/m in  u s in g  1 -p h e n y le th a n o l  a s  an 
i n t e r n a l  s ta n d a r d .  The r e s u l t s  fo llo w :
Wt o f  t - B u t y l -  R e d u c tio n  Wt o f  4 -C y c lo -
R e a c tio n  p h e n y lc a r b in o l  Y ie ld  h e x y l - l - p e n ta n o l
1 2 .4 8  g 94% 0 .0 8 -0 .0 9  g
2 2 .5 0  g 95% 0 .0 8 -0 .0 9  g
P r e p a r a t io n  o f  th e  G rig n a rd  R eagen t from  l - C h lo r o - 5 -  
c y c lo h e x y lh e x a n e . . The G rig n a rd  r e a g e n t  was p re p a re d  in  
747. y i e ld  from  l - c h lo r o - 5 -c y c lo h e x y lh e x a n e  (8 .0 8  g ,  0 .0 4  
m ol) and d o u b ly  su b lim ed  m agnesium  (1 .0  g ,  0 .0 4  m ol) u s in g  
e th y le n e  brom ide t o  i n i t i a t e  th e  r e a c t i o n .  R e f lu x  t im e :  3
h r s
R e a c tio n  o f  t - B u ty l  P heny l K etone w i th  th e  G rig n a rd  
R eag en t from  l -C h lo ro -5 -c y c lo h e x y lh e x a n e . P ro d u c ts  from  
th e  r e a c t i o n  o f  t - b u t y l  p h e n y l k e to n e  (1 .7 2  g , 0 .0 1 0 6  m ol) 
w i th  th e  G rig n a rd  r e a g e n t  from  l - c h lo ro -5 -c y c lo h e x y lh e x a n e  
(0 .0 1 6  m o l, 35 ml o f  0 .3 0 3  N) w ere a n a ly z e d  by g lp c  on
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colum n G a t  184° and 60 m l/m in  u s in g  NOPOL as  an i n t e r n a l  
s ta n d a rd o  The r e s u l t s  fo llo w :
Wt o f  t - B u t y l -  R e d u c tio n  Wt o f  5 -C y c lo -
R e a c tio n  p h e n y lc a r b in o l  Y ie ld  h e x y l - l - h e x a n o l
1 1 .5 8  g 91% 0 .1 4  g
2 1 .6 6  g 95% 0 .1 4  g
P r e p a r a t io n  o f  th e  G rig n a rd  R eag en t from  1 -Io d o h e p -  
ta n e  in  E t h e r . The G rig n a rd  r e a g e n t  was p re p a re d  i n  69% 
y ie ld  from  1 - io d o h e p ta n e  (1 1 .3  g ,  0 .0 5  m ol) and d o u b ly  su b ­
lim ed  m agnesium  (1 .2  g ,  0 .0 5  m o l) .  R e f lu x  t im e :  2 h r s
R e a c tio n  o f  t - B u ty l  P h en y l K etone w ith  th e  G rig n a rd  
R eag en t from  1 -Io d o h e p ta n e  in  E t h e r . P ro d u c ts  from  th e  
r e a c t i o n  o f  t - b u t y l  p h e n y l k e to n e  (1 .9 5  g ,  0 .0 1 2  m ol) w ith  
th e  G r ig n a rd  r e a g e n t  from  1 - io d o h e p ta n e  (0 .0 1 2  m o l, 30 ml 
o f  0 .4  N) in  e t h e r  w ere a n a ly z e d  by g lp c  on colum n F a t  182° 
and 60 m l/m in  u s in g  1 -p h e n y le th a n o l  as  an i n t e r n a l  s ta n d a r d .  
The r e s u l t s  fo llo w :
Wt o f  t - B u t y l -  R e d u c tio n
R e a c tio n  p h e n y lc a r b in o l  Y ie ld
1 1 .6 8  g 85%
2 1 .6 9  g 86%
P r e p a r a t io n  o f  th e  G rig n a rd  R eag en t from  1 -Io d o h e p - 
ta n e  i n  B enzene. Magnesium (1 .2  g , 0 .0 5  m o l) ,  1 - io d o h e p ta n e  
(1 1 .3  g ,  0 .0 5  m o l) ,  d ry  benzene (80 m l) ,  and N ,N -d im e th y l-  
a n i l i n e  (2 d ro p s )  w ere p la c e d  i n  a  ro u n d -b o tto m e d , t h r e e ­
n ecked  f l a s k  f i t t e d  w i th  c o n d e n se r  and p u rg ed  w i th  a rg o n .
The m ix tu re  was r e f lu x e d  f o r  2 .5  h r s  d u r in g  w hich  a  w h ite  
s o l i d  p r e c i p i t a t e d  and m ost o f  th e  m agnesium  d is a p p e a re d .
The m ix tu re  was a llo w ed  to  s e t t l e  and was th e n  pumped th ro u g h  
a  f r i t t e d  g l a s s  f i l t e r  i n t o  a  g ra d u a te d  c y l in d e r  f i l l e d  w ith  
a rg o n . The r e a g e n t  was p ro d u ced  in  627. y i e l d .
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R e a c tio n  o f  t - B u ty l  P h en y l K etone w ith  th e  G rig n a rd  
R eag en t from  1 -Io d o h e p ta n e  in  B enzene„ P ro d u c ts  from  th e  
r e a c t i o n  o f  t - b u t y l  p h en y l k e to n e  (1 .9  g ,  0 .0 1 1 7  m ol) w ith  
th e  G rig n a rd  r e a g e n t  from  1 - io d o h e p ta n e  (0 .0 1 1 7  m o l, 30 ml 
o f  0 .3 9 2  N) in  benzene  w ere a n a ly z e d  by g lp c  on colum n F a t  
182° and 60 m l/m in  u s in g  1 -p h e n y le th a n o l  a s  an i n t e r n a l  
s ta n d a r d .  The r e s u l t s  f o llo w :
Wt o f  t - B u ty l -  R e d u c tio n
R e a c tio n  p h e n y lc a rb in o l  Y ie ld
1 1 .3 8  g 72%
2 1 .4 0  g 73%
P r e p a r a t io n  o f  th e  G rig n a rd  R eag en t from  n -B u ty l  
c h l o r i d e . The G rig n a rd  r e a g e n t  was p re p a re d  in  87% y ie ld  
from  n - b u ty l c h lo r id e  (9 2 .6  g , 1 .0  m ol) and d o u b ly  su b lim ed  
m agnesium  (2 4 .3  g ,  1 .0  m ol) in  e t h e r .
P r e p a r a t io n  o f  Ph(CH2 ) n 0MgCl, (n = 2 - 5 ) .  E ach  o f
fo u r  100 ml th re e -n e c k e d  ro u n d -b o tto m ed  f l a s k s  was f i t t e d  
w i th  c o n d e n s e r , a d d i t io n  f u n n e l ,  and sep tum . An a l i q u o t  o f  
n -b u ty lm ag n es iu m  c h lo r id e  s o lu t io n  (11 m l, 0 .025  m ol) was 
p la c e d  in  e a c h  o f  th e  f l a s k s  f i l l e d  w i th  n i t r o g e n .  E q u iv ­
a l e n t  am ounts o f  e a c h  o f  th e  a lc o h o ls  o f  th e  s e r i e s ,  
Ph(CH2 ) n 0H (n  = 2 - 5 ) ,  (n = 2 , 3 .1  g ;  n = 3 , 3 .5  g ;  n  = 4 , 
3 .8  g ;  n = 5 , 4 .2  g ) w ere added d ro p w ise  to  th e  a p p r o p r ia te  
f l a s k s  c o n ta in in g  th e  G rig n a rd  a l i q u o t s .  In  e a c h  c a s e  a  
w h ite  s o l i d  p r e c i p i t a t e d .  The m ix tu re s  w ere s t i r r e d  f o r  
a b o u t 2 h r s  a f t e r  th e  a d d i t i o n .
R e a c tio n  o f  Ph(CH2 ) n OMgCl (n = 2 -5 )  w ith  t - B u ty l
Phenyl Ketone. t-Butyl phenyl ketone (4 .0  g, 0 .0 2 5  mol) in 
sodium-dried ether (15 ml) was added dropwise with stirring 
to each of the magnesium alkoxides. Ether (20 ml) was added, 
and the mixtures were stirred overnight. Each mixture was
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th e n  h y d ro ly z e d  w i th  s a tu r a t e d  ammonium c h lo r id e  s o lu t i o n ,  
th e  two l a y e r s  w ere s e p a r a te d ,  and th e  aqueous l a y e r  was 
e x t r a c t e d  w i th  e t h e r .  The e t h e r e a l  s o lu t io n s  w ere co n cen ­
t r a t e d  w ith o u t  d r y in g ,  and th e  c o n c e n t r a te s  w ere a n a ly z e d  
by g lp c  on colum n F a t  220° and 60 m l/m in  u s in g  3 - p h e n y l - l -  
p ro p a n o l a s  an  i n t e r n a l  s ta n d a r d .  t -B u ty lp h e n y lc a r b in o l  was 
found  a s  a  p ro d u c t  from  th e  r e a c t i o n  o f  th e  k e to n e  w i th  4 -  
p h en y l- l-b u to x y m ag n e s iu m  c h lo r id e  (7%) and w ith  5 - p h e n y l - l -  
pentoxym agnesium  c h lo r id e  (6% ). t - B u ty lp h e n y lc a r b in o l  and
3 - p h e n y l - l - p ro p a n o l  had a  r e s p o n s e  r a t i o  o f  u n i t y  u n d e r  th e  
above c o n d i t i o n s .
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PART I I
THE MECHANISM OF BENZOPHENONE REDUCTION 
WITH THE 2 -NORBORNYL GRIGNARD REAGENT
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INTRODUCTION
I n t e r e s t  i n  th e  s te r e o c h e m is t r y  o f  th e  n o r b o m y l  
G rig n a rd  r e a g e n t  was s t im u la te d  by a  1960 rep o rt^"  on th e  
i s o l a t i o n  o f  a  m ix tu re  o f  ex o -  and endo-n o rb o r n a n e - 2 -c a r -  
b o x y l ic  a c id s  (2. and 3)  from  th e  c a rb o n a t io n  o f  a  G r ig n a rd  
r e a g e n t  from  ex o -2 -b ro m o n o rb o rn an e  ( 1 ) .  The r e a g e n t  was 
p re p a re d  from  m agnesium  o f  u n re p o r te d  p u r i t y  in  d i e t h y l  
e t h e r .  N e i th e r  th e  iso m er r a t i o  o f  th e  G rig n a rd  r e a g e n t  







T h is  e x p e r im e n t was r e p e a te d  by S au e rs  and 
2
K w iatkow ski w i th  m agnesium  o f  u n c e r t a in  p u r i t y .  The a c id s  
o b ta in e d  w ere c o n v e r te d  by r e a c t i o n  w ith  b o ro n  t r i f l u o r i d e  
in  m e th a n o l to  th e  m e th y l e s t e r s  w hich  w ere a n a ly z e d  by g a s -  
l i q u i d  ch ro m a to g rap h y . S in ce  th e  e s t e r i f i c a t i o n  was found 
t o  p ro c ed e  w ith o u t  e p im e r iz a t io n ,  th e  d e te r m in a t io n  o f  th e  
e x o :endo r a t i o  o f  th e  n o rb o rn y l  e s t e r s  was c o n s id e re d  t o  be 
a  d i r e c t  m easu re  o f  t h a t  o f  th e  n o rb o m y l  a c i d s .  L ik e w is e , 
th e  iso m e r r a t i o  o f  a c id s  was assum ed to  be a  r e f l e c t i o n  o f
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th e  s te r e o c h e m is t r y  o f  th e  G rig n a rd  r e a g e n t .*  C a rb o n a tio n  
o f  no rb o rn y lm ag n esiu m  brom ide (JL) p roduced  a  9 0 :1 0  ex o ren d o  
m ix tu re  o f  n o rb o rn y l  a c id s  (22% y ie ld )  a t  -78° and a  7 0 :3 0  
m ix tu re  (35% y i e l d )  a t  2 5 ° . D o u b lin g  th e  l e n g th  o f  th e  c a r ­
b o n a t io n  p e r io d  a t  -78° gave th e  same r a t i o  o f  a c id s  i n  
s l i g h t l y  h ig h e r  y i e l d .  B ecause o f  t h i s  th e  a u th o r s  e x c lu d e d  
th e  p o s s i b i l i t y  t h a t  th e  c a rb o n a t io n  a t  -78° was in c o m p le te  
and t h a t  th e  exo  r e a g e n t  was c a rb o n a te d  f a s t e r .  S a u e rs  
c o n c lu d ed  t h a t  th e  e p im e r ic  n o rb o m y l G rig n a rd  r e a g e n ts  
e x i s t  in  m o b ile  e q u i l ib r iu m  w hich  i s  s h i f t e d  tow ard  th e  endo 
iso m e r a t  h ig h e r  te m p e r a tu r e s .
D i r e c t  d e te r m in a t io n  o f  th e  iso m er r a t i o  o f  n o rb o rn y l
G rig n a rd  r e a g e n ts  an d , h e n c e , th e  s te r e o c h e m is t ry  o f  th e
c a rb o n a t io n  r e a c t i o n  was made p o s s ib le  by an nmr s tu d y  o f
4
th e  G rig n a rd  r e a g e n t  i t s e l f .  H i l l  o b se rv ed  t h a t  th e  60 MHz 
nmr sp e c tru m  o f  no rb o rn y lm ag n esiu m  c h lo r id e  in  THF c o n ta in e d  
two h ig h  f i e l d  m u l t i p l e t s  w h ich  w ere a s s ig n e d  t o  th e  a lp h a  
p r o to n s .  By co m p ariso n  w ith  s p e c t r a  o f  o th e r  ex o - endo p a i r s  
o f  n o r b o m y l  compounds th e  h ig h e r  f i e l d  m u l t i p l e t  a t  1 0 .5 5  r  
was a s s ig n e d  to  th e  endo hyd ro g en  o f  th e  exo r e a g e n t  and th e  
lo w e r f i e l d  m u l t i p l e t  a t  10 .15  r  t o  th e  exo h y d ro g en  o f  th e  
endo  r e a g e n t .  The c h e m ic a l s h i f t  d i f f e r e n c e  betw een  th e  two 
p r o to n s  i s  o f  th e  m ag n itu d e  g e n e r a l ly  o b s e rv e d . From c a r e f u l  
i n t e g r a t i o n  o f  th e  a r e a  b e n e a th  th e  two m u l t i p l e t s ,  th e  
r e a g e n t  was found t o  be a  5 0 :5 0  m ix tu re  o f  ex o - endo is o m e rs . 
T h is  r a t i o  was n o t  a l t e r e d  a f t e r  k e e p in g  th e  r e a g e n t  a t  110° 
f o r  43 h r s  o r  a t  148° f o r  5 h r s .
* T h is  p re m a tu re  c o n c lu s io n  was e r ro n e o u s ly  deduced  from  th e  
w ork o f  W alborsky3 who found t h a t  c a rb o n a t io n  o f  th e  G rig n a rd  
r e a g e n t  from  o p t i c a l l y  a c t i v e  2 , 2 -d ip h e n y l-1 -b ro m o - l-m e th y l-  
c y c lo p ro p a n e  gave 2 ,2 - d ip h e n y l - l - m e th y lc y c lo p r o p a n e - l - c a r b o -  
x y l i c  a c id  w i th  p red o m in a n t o v e r a l l  r e t e n t i o n  o f  c o n f ig u r a t io n .  
T h is  work was n o t ,  n o r  was i t  c o n s tru e d  a s ,  e v id e n c e  t h a t  
c a r b o n a t io n  o f  G r ig n a rd  r e a g e n ts  p ro c e e d s  w ith  r e t e n t i o n  o f  
c o n f i g u r a t i o n .
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A s im i l a r  nmr i n v e s t i g a t i o n  was co n d u c ted  by 
K r ie g h o f f  and Cowan w i th  norbo rny lm agnesium  c h lo r id e  p r e ­
p a re d  in  d i e t h y l  e t h e r  from  t r i p l y  sub lim ed  m agnesium . I n ­
t e g r a t i o n  o f  th e  a r e a  u n d e r  th e  two h ig h  f i e l d  m u l t i p l e t s ,
9 .8 8  t  (exo  hydrogen ) and 10 .3 2  t  (endo h y d ro g e n ), i n d ic a te d  
a 5 3 -5 4 :4 6 -4 7  m ix tu re  o f  endo and exo iso m ers  w h e th e r  th e  
r e a g e n t  had been  p re p a re d  from  th e  ex o -  o r  e n d o -n o rb o rn y l 
c h l o r id e .  The c o n s ta n c y  o f  t h i s  r a t i o  from  -40° t o  +80° 
a lo n g  w i th  th e  ab sen ce  o f  s p e c t r a l  b ro a d e n in g  a t  th e  tem p­
e r a t u r e  e x trem e s  su g g e s te d  t h a t  th e  two iso m e rs  do n o t  
i n t e r c o n v e r t  r a p id ly  on an nmr tim e  s c a l e .  N e i th e r  th e  
r e l a t i v e  a r e a s  o f  th e  h ig h  f i e l d  m u l t i p l e t s  n o r  t h e i r  p ro to n  
s p l i t t i n g  p a t t e r n s  w ere a l t e r e d  upon th e  a d d i t io n  o f  up to  
3 /4  th e  s to ic h io m e t r i c  amount o f  w a te r  o r  c a rb o n  d io x id e .  
E i t h e r  th e  r e a c t io n  r a t e s  o f  th e  two iso m e rs  w ere n o t  s i g ­
n i f i c a n t l y  d i f f e r e n t  o r  e q u i l ib r iu m  was r e e s t a b l i s h e d  r a p id ly  
on a l a b o r a to r y  tim e  s c a l e .
The m ost e x te n s iv e  nmr s tu d y  o f  th e  n o rb o rn y l G rig n a rdg
r e a g e n t  was c a r r i e d  o u t by J e n se n  and Nakamaye , some o f  
whose r e s u l t s  a r e  sum m arized in  T a b le  I I - l .
TABLE I I - 1
A 100 MHz STUDY OF THE NORBORNYL GRIGNARD REAGENT65
MgX
X exo:endo t (ppm) exo proton t (ppm) endo
C l 4 3 :5 7 10 .37 10 .01
Br 4 1 :5 9 10 .48 10 .12
I 3 9 :6 1 10 .48 10 .1 1
R 4 5 :5 5 10.59 10 .23
R = n o rb o rn y l
62
The e x o : endo r a t i o  o f  c a rb o n a t io n  p ro d u c ts  i n  a l l  
c a s e s  was found t o  be a  d i r e c t  r e f l e c t i o n  o f  th e  iso m e r  r a t i o  
o f  th e  G rig n a rd  r e a g e n ts  a s  d e te rm in e d  by nm r. T h is  was e s ­
t a b l i s h e d  by g lp c  a n a ly s i s  o f  th e  m e th y l e s t e r s  o b ta in e d  
from  th e  r e a c t i o n  o f  th e  is o m e r ic  a c id s  w ith  d ia z o m e th a n e . 
E s t e r i f i c a t i o n  o f  known m ix tu re s  o f  n o rb o rn y l a c id s  w i th  
e x c e s s  d iazo m eth an e  in d ic a te d  t h a t  e p im e r iz a t io n  d id  n o t  
o c c u r  and t h a t  b o th  iso m e rs  w ere c o m p le te ly  e s t e r i f i e d .
Thus i t  a p p e a re d  t h a t  th e  c a rb o n a t io n  proceeded s t e r e o s p e c i f -  
i c a l l y  w i th  r e t e n t i o n  o f  c o n f ig u r a t io n .  However, u n e q u iv o c a l  
p ro o f  o f  t h i s  c o n c lu s io n  n e c e s s i t a t e d  c a rb o n a t io n  o f  a  
d i f f e r e n t  m ix tu re  o f  is o m e r ic  G rig n a rd  r e a g e n ts  o r  a  p u re  
iso m e r . S in ce  th e  same m ix tu re  o f  ep im ers  was o b ta in e d  from  
b o th  th e  exo  and endo h a l i d e s ,  i t  was n e c e s s a ry  to  rem ove o r  
d im in is h  one o f  th e  iso m e rs  by a  s t e r e o s e l e c t i v e  r e a c t i o n .
Of a  la r g e  number o f  r e a g e n ts  t r i e d ,  o n ly  benzophenone b e ­
haved  in  th e  d e s i r e d  m anner.
Upon t r e a tm e n t  o f  no rbo rny lm agnesium  brom ide w ith  
h a l f  th e  s to i c h io m e t r i c  am ount o f  benzophenone a t  0 ° ,  th e  
nmr s ig n a l  due t o  th e  exo iso m er d is a p p e a re d .  The r e a c t i o n  
was c h a r a c te r iz e d  by a  r e d  c o lo r  w hich  d is a p p e a re d  a s  a  w h ite  
p r e c i p i t a t e  fo rm ed . T h a t t h i s  r e a c t i o n  was a  G r ig n a rd  r e ­
d u c t io n  was e s t a b l i s h e d  by i s o l a t i o n  o f  e q u im o la r  am ounts o f  
n o rb o rn e n e  and b e n z h y d ro l in  85% y i e l d .  Im m ediate c a rb o n a ­
t i o n  o f  th e  endo r e a g e n t  le d  t o  p u re  e n d o -n o rb o rn a n e -2 -  
c a r b o x y l ic  a c id  (F ig u re  I I - 1 ) .  T h is  b e h a v io r  was p a r a l l e l e d  
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F ig u re  I I - 1. R e a c tio n  o f  N o rb o rn y l G r ig n a rd  R eag en t w i th  
H a lf  an E q u iv a le n t  o f  B enzophenone.
In  l i g h t  o f  th e s e  f in d in g s ,  th e  c a rb o n a t io n  r e s u l t  o f  
2
S a u e rs  and K w iatkow ski a p p e a rs  t o  be anom alous (T a b le  I I - 2 ) .
S e v e ra l  f a c t o r s  may be in v o lv e d  i n  th e  d i s c r e p a n c ie s  o b se rv e d .
F i r s t  o f  a l l ,  i t  h as  been  fo u n d , a t  l e a s t  in  some b i c y c l i c
s y s te m s , t h a t  th e  r a t i o  o f  e x o :endo G rig n a rd  r e a g e n ts  changes
w i th  th e  q u a l i t y  o f  th e  m agnesium  em ployed .^  S a u e rs  u sed
m agnesium  o f  q u e s t io n a b le  p u r i t y  w h ile  J e n se n  u sed  t r i p l y
su b lim ed  m agnesium . A lth o u g h  t h i s  c o u ld  a c c o u n t f o r  a
s m a ll  d i f f e r e n c e  in  iso m e r r a t i o s ,  i t  c a n n o t e x p la in  th e
la r g e  d i s p a r i t y  o b s e rv e d . Of g r e a t e r  s ig n i f i c a n c e  i s  th e
f a c t  t h a t  S au e rs  u se d  b o ro n  t r i f l u o r i d e  in  m e th an o l to  e s t e r -
6bi f y  th e  n o rb o rn y l  a c i d s .  Nakamaye d e m o n s tra te d  t h a t  e s t e r -  
i f i c a t i o n  by t h i s  m ethod i s  u n r e l i a b l e ,  p resu m ab ly  b e c a u se  th e  
endo a c id  r e a c t s  more s lo w ly  th a n  th e  exo  iso m e r . I t  was
64
a l s o  found  t h a t  th e  iso m er r a t i o s  o f  n o rb o rn y l  a c id s  w ere 
n o t  r e p ro d u c ib le  when th e  c a rb o n a t io n  y ie ld  was l e s s  th a n  . 
50%. As n o te d  ab o v e , S a u e rs  o b ta in e d  a  22% y i e l d  o f  n o r ­
b o rn y l  a c id s  a t  -78° and a  35% y ie ld  a t  2 5 ° .
TABLE I I - 2
ISOMER RATIOS OF THE CARBONATION PRODUCTS 
FROM NORBORNYLMAGNESIUM BROMIDE
te m p e ra tu re  e x o ;e n d o a
S a u e r s ,  K w iatkow ski
O001^.1 9 0 :10
25° 7 0 :30
J e n s e n ,  Nakamaye^ 1 00 o 4 0 :6 0
25° 4 4 :5 6
(a )  e x o ;endo r a t i o  o f  no rb o rn y lm ag n esiu m  brom ide by nm r;
4 1 :5 9
I f  a llo w ed  t o  s ta n d  one day  a t  room te m p e r a tu re ,  endo-  
n o rb o rn y lm ag n esiu m  b ro m id e , p re p a re d  by a  s e l e c t i v e  r e a c t i o n  
o f  a  m ix tu re  o f  exo  and endo  iso m e rs , r e e q u i l i b r a t e d  t o  th e  
o r i g i n a l  is o m e r ic  m i x t u r e . ^  The r a t e  o f  in v e r s io n  was e n ­
h an ced  f i v e - f o l d  in  th e  p re se n c e  o f  m agnesium  b ro m id e , and 
th e  p o s i t i o n  o f  e q u i l ib r iu m  v a r ie d  w ith  th e  amount o f  m agnesium  
brom ide p r e s e n t .  When e q u im o la r  q u a n t i t i e s  o f  n o rb o rn y lm ag ­
n es iu m  brom ide and m agnesium  brom ide w ere com bined, th e  
e q u i l ib r iu m  c o n c e n t r a t io n  o f  th e  endo iso m er in c r e a s e d  by 5%.
g
D av ies  and R o b e r ts  r e c e n t ly  co n firm ed  many o f  th eg
r e s u l t s  o f  J e n se n  and Nakamaye , and i n  a d d i t io n  found  t h a t  
en d o -n o rb o rn y lm ag n esiu m  brom ide d id  n o t  r e e q u i l i b r a t e  a t  0° 
d u r in g  a  th r e e - h o u r  p e r io d ,  and t h a t  a t  -78° th e  r e a g e n t  
s t i l l  c o n ta in e d  95% endo iso m e r a f t e r  f iv e  d a y s .  A lth o u g h  
n o rb o rn y lm ag n esiu m  brom ide re d u ce d  benzophenone a t  -2 0 ° ,
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n o rb o rn y lm ag n esiu m  c h lo r id e  f a i l e d  t o  r e a c t  a t  - 1 5 ° .  The 
c h a r a c t e r i s t i c  r e d  c o lo r  o f  th e  G r ig n a rd -k e to n e  com plex was 
o b s e rv e d , b u t  d iphenylm ethoxym agnesium  c h lo r id e  was n o t  
p ro d u c e d . J e n se n  r a n  th e s e  r e a c t io n s  a t  0 ° .
A summary o f  a l l  nmr i n v e s t i g a t i o n s  o f  n o rb o rn y lm ag ­
n es iu m  c h lo r id e  i s  g iv e n  in  T a b le  I I - 3 .
TABLE I I - 3
NMR INVESTIGATIONS OF NORBORNYLMAGNESIUM CHLORIDE
e x o :e n d o s o lv e n t f i e l d  s t r e n g t h
H i l l 4 5 0 :5 0 THF 60 MHz
K r ie g h o f f ,  Cowan"* 4 6 :5 4 e t h e r 60 MHz
J e n s e n ,  Nakamaye^ 4 3 :5 7 e t h e r 100 MHz
D a v ie s , R o b e r ts^ 4 3 :5 7 e t h e r 100 MHz
The a p p e a ra n c e o f  a  re d c o lo r  d u r in g th e  r e a c t i o n  o f
benzophenone w i th  th e  no rb o rn y lm ag n esiu m  brom ide  p rom pted  
6bNakamaye to  s e a r c h  f o r  a  r a d i c a l  in t e r m e d ia t e .  O th e r  
w o rk e rs  have fo u n d  e v id e n c e  o f  r a d i c a l  fo rm a tio n  in  G rig n a rd
9
r e a c t i o n s  in v o lv in g  b en zophenone. E s r  m easu rem en ts  o f  th e  
r e d  s o lu t i o n  a t  -25° p ro d u ced  a  s in g l e  b ro ad  a b s o r p t io n  in  
th e  r e g io n  o f  n o rm a l o rg a n ic  r a d i c a l s .  H ow ever, a  h y p e r f in e  
s p l i t t i n g  p a t t e r n  was n o t  o b ta in e d .  The y i e l d  o f  n o rb o rn a n e  
was n o t  in c r e a s e d  when th e  r e a c t i o n  was c a r r i e d  o u t in  th e  
p re s e n c e  o f  r a d i c a l  t r a p s  su ch  a s  c y c lo h e x e n e , cum ene, and 
t r ip h e n y lm e th a n e ,  s u g g e s t in g  t h a t  th e  ex o - 2 -n o r b o rn y l  r a d i c a l  
and th e  m agnesium  k e t y l ,  i f  g e n e r a te d ,  a re  e n v e lo p e d  in  a  
s o lv e n t  c a g e . I t  was s p e c u la te d  t h a t  th e  k e t y l  q u ic k ly  
m ig ra te s  t o ,  o r  i s  a l r e a d y  i n ,  a  p o s i t i o n  f a v o r a b le  to  th e  
a b s t r a c t i o n  o f  one o f  th e  3 -p ro to n s  o f  th e  n o rb o rn y l  r a d i c a l  







F ig u re  I I - 2 .  M echanism  o f  R e d u c tio n  o f  Benzophenone by e x o - 
N or borny lm agnesium  H a lid e  a s  P roposed  by J e n se n  
and  Nakamaye.
w h e th e r  o r  n o t  t h e r e  i s  p r e f e r e n t i a l  t r a n s f e r  o f  one o f  th e  
3 -h y d ro g e n s  o f  th e  ex o -n o rb o m y l  G rig n a rd  r e a g e n t  to  b en zo ­
p h en o n e . The e x o :endo r a t i o  o f  th e  G rig n a rd  r e a g e n t  from  a
2 - n o rb o rn y l  h a l id e  la b e le d  w i th  d e u te r iu m  in  one o f  th e  3 - 
p o s i t i o n s  w ould n o t  be e x p e c te d  t o  d i f f e r  from  t h a t  o f  th e  
G r ig n a rd  r e a g e n t  from  th e  c o r re s p o n d in g  u n la b e le d  h a l i d e .  
F u r th e rm o re , i t s  r e a c t i v i t y  tow ard  benzophenone sh o u ld  n o t  
be a l t e r e d .  T h u s , t r e a tm e n t  o f  th e  d e u te r a te d  G rig n a rd  
r e a g e n t  w i th  h a l f  th e  s to ic h io m e t r i c  am ount o f  benzophenone 
s h o u ld  y i e l d  b e n z h y d ro l r e s u l t i n g  e x c lu s iv e ly  from  r e a c t io n  
o f  th e  exo  is o m e r . T h is  c o n c lu s io n  w ould have t o  be con ­
f irm e d  by c a r b o n a t io n  o f  th e  r e s i d u a l  G r ig n a rd  r e a g e n t ,  
fo llo w e d  by g lp c  a n a ly s i s  o f  th e  d e r iv e d  e s t e r .  D eu te riu m  
a n a l y s i s  o f  th e  b e n z h y d ro l o b ta in e d  w ould i n d i c a t e  w h ich  o f
I t  was th e  o b je c t  o f  th e  p r e s e n t  w ork to  d e te rm in e
th e  h y d ro g e n s , o r  w hat p e rc e n ta g e  o f  e a c h  o f  th e  h y d ro g en s 
i s  t r a n s f e r r e d  in  th e  r e d u c t io n  p r o c e s s .
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DISCUSSION
The s u c c e s s f u l  e x e c u t io n  o f  th e  p ro p o sed  e x p e r im e n t 
n e c e s s i t a t e d  th e  p r e p a r a t io n  o f  e i t h e r  an ex o -  o r  en d o - n o r -  
b o rn y l  b rom ide o r  c h lo r id e  w i th  a  d e u te r iu m  l a b e l  a t  e i t h e r  
th e  3 -exo  o r  3 -endo  p o s i t i o n .  The d e u te r iu m  need  n o t  be e x ­
c l u s i v e l y  a t  th e  3 - p o s i t i o n ,  b u t  m ust n o t  be a t  b o th  th e  3 - 
ex o  and th e  3 - endo p o s i t i o n s .  The s y n th e s i s  o f  a  compound 
m e e tin g  th e s e  c r i t e r i a  was c o m p lic a te d  by th e  te n d e n c y  o f  
n o rb o rn y l  sy s tem s  t o  r e a r r a n g e  u n d e r  a v a r i e t y  o f  c o n d i t i o n s .
The im p r o b a b i l i ty  o f  o b ta in in g  a  2 - n o rb o rn y l  h a l id e  
w i th  d e u te r iu m  s o le l y  a t  one o f  th e  3 - p o s i t i o n s  was r e v e a le d  
by a  c o n s id e r a t io n  o f  th e  a v a i l a b l e  l i t e r a t u r e .  I n i t i a l l y ,  
a  p ro m is in g  s t a r t i n g  m a t e r i a l  ap p ea re d  t o  be ex o - 3 - d - ex o -  
n o r b o r n e o l ^  p re p a re d  by a d d i t io n  o f  B2Dg to  n o rb o rn e n e  
fo llo w e d  by o x id a t io n  o f  th e  r e s u l t i n g  d e u te r a te d  o rg a n o - 
b o ra n e  w i th  a l k a l i n e  hyd ro g en  p e ro x id e .  However, th e  c o n v e r­
s io n  o f  th e  a lc o h o l  t o  th e  c o r re s p o n d in g  c h lo r id e  w i th
t h i o n y l  c h lo r id e  in  p y r id in e  was e x c lu d e d  on th e  b a s i s  o f
11th e  w ork o f  S t i l l e  and Sonnenberg  , who o b ta in e d  fo u r  
d i f f e r e n t  d e u te r a t e d  e x o -2 -c h lo ro n o rb o rn a n e s  upon t r e a tm e n t  
o f  2 ,3 ,3 - t r i - d e u t e r o - e x o - 2 - n o r b o r n e o l  in  t h i s  m an n er. L ik e ­
w is e ,  th e  r e a c t i o n  o f  e x o -3 -d -e x o -n o rb o rn e o l  w i th  t r i p h e n y l -
12p h o sp h in e  in  b rom ine w ould m ost c e r t a i n l y  le a d  t o  s c ra m b lin g  
o f  th e  l a b e l ,  s in c e  th e  same r e a c t i o n  u s in g  o p t i c a l l y  a c t iv e  
e x o -n o rb o r n e o l  r e p o r t e d ly  r e s u l t e d  in  a  m ix tu re  o f  p ro d u c ts  
c o n ta in in g  a  p redom inance  o f  ra ce m ic  ex o -2 -b ro m o n o rb o rn an e . 
H ow ever, when c a r r i e d  o u t w ith  o p t i c a l l y  a c t i v e  endo-n o rb o r -  
n e o l ,  t h i s  r e a c t i o n  le d  t o  ex o -2 -b ro m o n o rb o rn an e  o f  th e  same 
o p t i c a l  p u r i t y .  O x id a tio n  o f  ex o - 3 - d - ex o -n o rb o rn e o l  and
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r e d u c t io n  o f  th e  p ro d u c t w ith  l i t h iu m  aluminum h y d r id e  c o u ld  
le a d  t o  e x o - 3 - d - en d o -n o rb o r n e o l .  The p l a u s i b i l i t y ,  how ever, 
o f  th e  o x id a t io n  o c c u r r in g  w ith o u t  re a rra n g e m e n t i s  q u e s t io n ­
a b l e ,  s in c e  o p t i c a l l y  a c t i v e  e x o -n o rb o rn e o l  has  been  o x id iz e d  
t o  norcam phor o f  low er o p t i c a l  p u r i t y  u n d e r  c e r t a i n  c o n d i­
t i o n s . ^  (F ig u re  I I - 3 )
S0C1,HO





F ig u re  I I - 3 .  L a b e l S cram b lin g  in  N o rb o m y l H a lid e  S y n th e se s
D e u te r io h a lo g e n a t io n  o f  n o rb o rn en e  in  n o n p o la r  a s  
■•:ell a s  p o la r  s o lv e n ts  h as  b een  found  t o  p ro c ed e  w i th  r e a r ­
ra n g e m e n t. From th e  r e a c t i o n  o f  n o rb o rn e n e  w i th  47.5% DBr 
i n  D2O a t  30° Kwart and N y c e ^  o b ta in e d  m o n o d eu te ra te d  e x o - 
n o rb o rn y l  b rom ide w ith  46% o f  th e  d e u te r iu m  3 -e x o , 3% 3 -e n d o , 
and 51% in  u n d e te rm in e d  p o s i t i o n s .  U nder f r e e  r a d i c a l  co n ­
d i t i o n s  DBr added to  n o rb o rn e n e  t o  g iv e  61% ex o - 3 - d - e x o - 
n o r b o m y l  b ro m id e , 19?0 en d o - 3 - d - e x o -n o rb o rn y l  b ro m id e , and 
20% e x o - 3 - d - en d o -n o rb o rn y l  b ro m id e .
T re a tm e n t o f 2 ,3 - d id e u te r io n o rb o r n e n e  w i th  d ry  h y d ro ­
gen  c h lo r id e  in  p e n ta n e  a t  -78° r e s u l t e d  in  a  5 0 :5 0  m ix tu re  
o f  e n d o -2 jS -d ^ -e x o -n o rb o rn y l  c h lo r id e  and ex o - 2 -n o rb o rn y l
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15chloride with the deuterium in unknown positions. The
16r e a c t i o n  o f  DC1 w i th  n o rb o rn e n e  in  m e th y len e  c h lo r id e  
y ie ld e d  ex o - n o rb o m y l  c h lo r id e  w i th  60% o f  th e  d e u te r iu m  3- 
e x o , 34% 7 - s y n , and 6% a t  th e  5 -exo p o s i t i o n .  S im i la r  
r e s u l t s  w ere r e p o r t e d ly  o b ta in e d  in  p e n ta n e . The p o s i t i o n  
o f  d e u te r iu m  was d e te rm in e d  from  th e  60 MHz nmr sp e c tru m  o f  
th e  n o rb o rn e n e  o b ta in e d  from  d e h y d ro h a lo g e n a tio n  o f  th e  
c h l o r i d e .
More r e c e n t l y ,  Brown and M c lv o r^  i s o l a t e d  a  93% 
m o n o d e u te ra te d  e x o -2 - n o rb o m y l  c h lo r id e  from  th e  r e a c t i o n  o f  
DC1 w i th  n o rb o rn e n e  in  c h lo ro fo rm  a t  - 7 8 ° .  The 220 MHz nmr 
sp e c tru m  o f  th e  c h lo r id e  in d ic a te d  t h a t  a l l  th e  d e u te r iu m  was 
a t  th e  3 -exo and 7 - s y n . A p p l ic a t io n  o f  th e  G a u ss ian  l i n e -  
shape  s im u la to r  te c h n iq u e  to  th e  7 - a n t i - p ro to n  showed t h a t
3 - ex o - d - 7- sy n -d  = 5 5 :4 5  + 3%.
Since scrambling of the label appeared to be unavoid­
able, it seemed most reasonable to prepare the deuterated 
halide by a method which had already been studied in detail.
As j u s t  m e n tio n e d , th e  e x a c t  lo c a t io n  o f  d e u te r iu m  in  th e  
ex o - 2 -n o r b o rn y l  c h lo r id e  p re p a re d  by Brown and M clvor had 
been  c a r e f u l l y  d e te rm in e d  by 220 MHz nm r. T h is  t o g e th e r  
w i th  th e  f a c t  t h a t  th e  p r e p a r a t io n  was se em in g ly  s t r a i g h t ­
fo rw a rd  made t h e i r  a p p ro a c h  th e  l o g i c a l  f i r s t  c h o ic e .  How­
e v e r ,  in  th e  p r e s e n t  w ork an a t te m p t  to  r e p e a t  t h i s  e x p e r im e n t 
u s in g  HC1 in  c h lo ro fo rm  le d  t o  im pure ex o -2 -c h lo ro n o rb o rn a n e  
i n  30% y i e l d .  The r e a c t i o n  may have been  ham pered by th e  
s o l i d i f i c a t i o n  o f  th e  r e a c t i o n  m ix tu re  a t  -7 8 ° .  T h is  method 
w as, t h e r e f o r e ,  abandoned a s  a  p o t e n t i a l  r o u te  t o  d e u te r a te d
n o rb o rn y l  c h l o r id e .  An a d a p ta t io n  o f  th e  h y d r o c h lo r in a t io n
18method of Schmerling was employed.
G aseous DC1 p a sse d  i n t o  a  s o lu t i o n  o f  n o rb o rn e n e  in  
p e n ta n e  a t  -7 8 ° gave a  p u re  e x o -n o rb o rn y l  c h lo r id e  i n  81%
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y i e l d .  Low v o l ta g e  m ass s p e c t r a l  a n a ly s i s  in d ic a te d  th e
p re s e n c e  o f  0 .9 5  d e u te r iu m  atom  p e r  m o le c u le , w h ile  f a l l i n g  
19d ro p  a n a ly s i s  and th e  220 MHz nmr sp ec tru m  showed 1 .0  
d e u te r iu m  atom  p e r  m o le c u le .*  V i r t u a l l y  a l l  th e  d e u te r iu m  
was a t  th e  3 -e x o  and 7 - syn  p o s i t i o n s  a s  r e v e a le d  by th e  220 
MHz nmr sp e c tru m .
16A lth o u g h  Brown and L iu  had  p re p a re d  th e  c h lo r id e  in  
p e n ta n e ,  th e y  n e g le c te d  t o  r e p o r t  th e  l o c a t i o n  o f  d e u te r iu m  
i n  th e  m o le c u le . The a b sen ce  o f  t h i s  in fo rm a t io n  n e c e s s i t a ­
te d  th e  d e h y d ro h a lo g e n a tio n  o f  th e  c h lo r id e  and s u b se q u e n t 
d e u te r iu m  a n a ly s i s  o f  th e  r e s u l t i n g  n o rb o rn e n e . S in c e  d eh y ­
d r o h a lo g e n a t io n  o f  an e x o - n o rb o rn y l  h a l id e  w i th  h in d e re d
20b a se  i s  a  c i s  e l im in a t io n  , th e  d i f f e r e n c e  in  d e u te r iu m  
c o n te n t  betw een  th e  c h lo r id e  and th e  o l e f i n  i s  a  m easu re  o f  
th e  am ount o f  d e u te r iu m  a t  th e  3 - exo p o s i t i o n .  T re a tm en t o f  
th e  d e u te r a t e d  n o rb o rn y l  c h lo r id e  w ith  p o ta s s iu m  t-h e x o x id e  
gave n o rb o rn e n e  c o n ta in in g  0 .4 6  d e u te r iu m  atom  p e r  m o le c u le  
a s  d e te rm in e d  by low v o l ta g e  m ass s p e c t r a l  a n a ly s i s  i n d i c a t ­
in g  t h a t  0 .5 4  D was a t  th e  3 -exo p o s i t i o n  and 0 .4 6  D was 
a t  th e  7 - syn p o s i t i o n  (F ig u re  I I - 4 ) .
The position of deuterium in the chloride having been 
determined, the Grignard reagent was prepared using triply 
sublimed magnesium. Because of the reported shift of the 
exo-endo equilibrium in the presence of magnesium bromide, 
ethylene bromide was not used to initiate the reaction. The 
reagent was found to be extremely reactive toward oxygen from 
the air, and was thus kept under nitrogen at all times. The
*Falling drop analysis by Josef Nemeth, Urbana, Ill.j Dr. 





F ig u re  I I - 4 .  D e te rm in a tio n  o f  D e u te riu m  C o n te n t .
21e q u i l i b r a t e d  r e a g e n t  was f i l t e r e d , *  t i t r a t e d  , and th e n  
t r e a t e d  a t  0° w i th  0 .4 7  th e  s to i c h io m e t r i c  amount o f  ben zo ­
p h en o n e . A f t e r  tw e n ty  m in u te s  th e  m ix tu re  was f i l t e r e d ,  and
6Kth e  f i l t r a t e  was c a rb o n a te d  im m e d ia te ly  a t  -7 8 ° .  Nakamaye 
had found  t h a t  (1 ) th e  iso m er r a t i o  o f  n o rb o rn y l  a c id s  was 
n o t  a  t r u e  m easu re  o f  th e  G rig n a rd  r e a g e n t  c o m p o s itio n  when 
th e  c a r b o n a t io n  y i e l d  was l e s s  th a n  50%, and (2 ) th e  r a t i o
*The Grignard reagent was found to react with Tygon tubing; 
it was, therefore, pumped through glass tubing.
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changed  when th e  a c id s  w ere a llo w e d  t o  s ta n d  i n  th e  open f o r  
s e v e r a l  h o u r s .  The a c id  w hich  had b een  p ro d u ced  in  62% 
y i e l d  w as , t h e r e f o r e ,  c o n v e r te d  t o  th e  sodium  s a l t  and s to r e d  
as  su ch  u n t i l  th e  e s t e r i f i c a t i o n  s t e p .  G lpc a n a ly s i s  o f  th e  
e s t e r  o b ta in e d  from  r e a c t i o n  o f  th e  f r e e  a c id  w i th  d ia z o ­
m ethane e s t a b l i s h e d  t h a t  i t  was th e  p u re  endo iso m e r . An 
a u t h e n t i c  sam ple o f  th e  endo  e s t e r  was p re p a re d  from  th e  
G rig n a rd  r e a g e n t  from  th e  u n la b e le d  c h lo r id e  v i a  th e  J e n se n  
se q u e n c e . A m ix tu re  o f  exo  and endo e s t e r s  was o b ta in e d  by 
c a r b o n a t io n  o f  a  n o rb o rn y l  G r ig n a rd  r e a g e n t  w h ich  had n o t  
been  t r e a t e d  w i th  benzophenone .
The i s o l a t e d  b e n z h y d ro l c o n ta in e d  0 .5 4  d e u te r iu m  atom
p e r  m o le c u le  a s  d e te rm in e d  by m ass s p e c t r a l  and 60 MHz nmr
a n a l y s i s .  T h is  was e x a c t ly  th e  am ount o f  d e u te r iu m  p r e s e n t
22a t  th e  3 - exo p o s i t i o n  o f  th e  c h l o r id e .  T hese r e s u l t s  
s u p p o r t  th e  f in d in g s  o f  J e n s e n  and Nakamaye and d e m o n s tra te  
th e  e x c lu s iv e  t r a n s f e r  o f  th e  e x o -3 -h y d ro g en  from  th e  ex o -  
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F ig u re  I I - 5 .  R e a c tio n  o f  D e u te ra te d  N o rb o rn y l G rig n a rd
R ea g en t w ith  0 .4 3  E q u iv a le n t  o f  Benzophenone
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23In  l i g h t  o f  r e c e n t  e x p e r im e n ts  d e m o n s tra t in g  a
p r e f e r e n c e  f o r  t r a n s f e r  o f  one o f  th e  d i a s t e r e o t o p i c  h y d ro ­
g en s  from  an a c y c l i c  G r ig n a rd  r e a g e n t* ,  th e  e x c lu s iv e  
t r a n s f e r  o f  th e  exo h y d ro g en  from  th e  r i g i d  n o rb o rn y l  
G r ig n a rd  r e a g e n t  i s  n o t  s u r p r i s i n g .  The o b se rv e d  c i s - exo 
t r a n s f e r  o f  H and MgCl i s  c o n s i s t e n t  w i th  th e  p la n a r  c y c l i c  
t r a n s i t i o n  s t a t e  p ro p o sed  by W h itm o re ^  (F ig u re  I I - 6 )  and 




F ig u re  I I - 6 .  P o s s ib le  R e d u c tio n  M echanism  as  P ro p o sed  by 
W hitm ore.
A s i m i l a r  e x p e r im e n t was r e c e n t l y  co n d u c ted  by 
25F au v arq u e  on th e  G rig n a rd  r e a g e n t  from  a - e x o - d - i s o b o m y l -  
c h l o r id e .  The 60 MHz nmr sp ec tru m  r e v e a le d  th e  G rig n a rd  
r e a g e n t  from  is o b o r n y l  c h lo r id e  as  an  e q u im o la r  m ix tu re  o f  
b o rn y l  and is o b o r n y l  is o m e rs .  When a  sam ple o f  th e  d e u t e r ­
a te d  r e a g e n t  was t r e a t e d  w i th  1 /3  th e  e q u iv a le n t  am ount o f  
i s o p r o p y l  p h e n y l k e to n e ,  th e  nmr s i g n a l  due to  i s o b o r n y l -  
m agnesium  c h lo r id e  a lm o s t c o m p le te ly  d i s a p p e a re d .  The i s o -  
p r o p y lp h e n y lc a rb in o l  o b ta in e d  from  th e  r e a c t i o n  c o n ta in e d  
0 .7 5  D p e r  m o le c u le .  In  a  second  e x p e r im e n t th e  G rig n a rd
* P r e f e r e n t i a l  t r a n s f e r  o f  th e  p ro  S hyd ro g en  from  R -3 -p h e n y l-  
1 -b u ty lm ag n es iu m  c h lo r id e  and o f  th e  p ro  R hydrogen  from  
th e  c o r re s p o n d in g  S r e a g e n t  has  been  shown by d e u te r iu m  
l a b e l in g  e x p e r im e n ts .
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r e a g e n t  was t r e a t e d  w i th  tw ic e  th e  s to ic h io m e t r i c  am ount o f  
i s o p r o p y l  p h e n y l k e to n e  t o  g iv e  i s o p r o p y lp h e n y lc a r b in o l  w ith  
0 .5  D p e r  m o le c u le . T hese e x p e r im e n ts  w ere c i t e d  a s  e v id e n c e  
f o r  th e  e x c lu s iv e  t r a n s f e r  o f  ex o -D from  th e  i s o b o r n y l  r e a g e n t  
and endo-H from  th e  b o m y l  r e a g e n t  (F ig u re  I I - 7 ) .
MgCl






F ig u re  I I - 7 .  R e a c tio n  o f  th e  G rig n a rd  R eag en t from  a - e x o -d -  
i s o b o m y l  C h lo r id e  w ith  0 .3 3  E q u iv a le n t  o f  
I s o p r o p y l  P h en y l K eto n e .
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T h ere  a r e  a t  l e a s t  two p o s s ib le  e x p la n a t io n s  f o r  th e  
a b se n c e  o f  c i s - endo e l im in a t io n  in  th e  n o rb o rn y l  G rig n a rd  
r e a g e n t .  As n o te d  in  th e  i n t r o d u c t io n ,  benzophenone was th e  
o n ly  one o f  s e v e r a l  r e a g e n ts  w hich  s e l e c t i v e l y  r e a c te d  w ith  
th e  ex o - n o rb o m y l  G rig n a rd  r e a g e n t .  The b e h a v io r  o f  th e  
i s o b o r n y l - b o m y l  G rig n a rd  r e a g e n t  tow ard  i s o p r o p y l  p h en y l 
k e to n e  may be p a r a l l e l e d  by th e  n o rb o rn y l  G r ig n a rd  r e a g e n t .  
C o n v e rs e ly , benzophenone may r e a c t  s e l e c t i v e l y  w i th  th e  i s o ­
b o rn y l  G rig n a rd  r e a g e n t .  On th e  o th e r  h a n d , th e  lo w er d e g re e  
o f  s e l e c t i v i t y  in  th e  i s o b o r n y l - b o m y l  G rig n a rd  sy stem  co u ld  
be a  r e s u l t  o f  s t e r i c  h in d ra n c e  due to  th e  p re s e n c e  o f  th e  
sem-d im e th y l  g ro u p s  a t  C -7 .
I t  was o f  i n t e r e s t  t o  d e te rm in e  w h e th e r  o r  n o t  th e  
endo iso m er o f  th e  n o r b o m y l  G rig n a rd  r e a g e n t  w ould re d u c e  
i f  th e  e p im e r ic  m ix tu re  w ere t r e a t e d  w i th  a  tw o - fo ld  e x c e s s  
o f  benzophenone. T h is  r e a c t io n  was c a r r i e d  o u t a t  0° u s in g  
che G rig n a rd  r e a g e n t  from  m o n o d eu te ra ted  ex o - 2 - c h lo r o -  
n o rb o rn a n e . The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  tw en ty  
m in u te s  and th e n  was f i l t e r e d .  The f i l t r a t e  m a in ta in e d  th e  
re d  c o lo r  c h a r a c t e r i s t i c  o f  th e  k e to n e -G rig n a rd  com plex .
The d iphenylraethoxym agnesium  c h lo r id e  was h y d ro ly z e d  t o  g iv e  
b e n z h y d ro l c o n ta in in g  0 .5 5  D p e r  m o le c u le . In  l i g h t  o f  th e  
p re v io u s  e x p e r im e n t ,  t h i s  s u g g e s ts  t h a t  o n ly  th e  e x o -n o rb o m y l 
G rig n a rd  r e a g e n t  re d u c e s  benzophenone.
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EXPERIMENTAL
G e n e ra l
I n f r a r e d  S p e c tr a .  N u c le a r  M agnetic  R esonance S p e c t r a . 
and M e ltin g  P o i n t s : R e fe r  t o  P a r t  I .
Gas L iq u id  C h ro m ato g rap h ic  A n a ly ses  (g lp c )  w ere co n ­
d u c te d  on a  V a r ia n  A ero g rap h  Model 90-P  g a s  ch ro m a to g rap h  
co u p le d  t o  a  S a rg e n t W elch Model SRG r e c o r d e r  w i th  D isc  
i n t e g r a t o r .  H elium  was u se d  a s  th e  c a r r i e r  g a s ,  and th e  
fo llo w in g  colum ns w ere em ployed.
Column A: 6 ' x 1 /4 "  15% A piezon  L on 80 /100  Chrom osorb
W-HP c o u p led  t o  a  6 ' x 1 /4 "  20% Carbowax 
20 M on 80 /100  Chrom osorb W-HP
Column B: 101 x 1 /4 "  257o C asto rw ax  on 6 0 /8 0  Chromo­
s o rb  P
Some a n a ly s e s  w ere p erfo rm ed  on a  P e rk in -E lm e r  V apor 
P r a c to m e te r ,  M odel 154 , u s in g  P y rex  co lum ns.
Mass S p e c tr a  (low  v o l ta g e )  w ere o b ta in e d  on a  
H i ta c h i  P e rk in -E lm e r  RMU-6E Mass S p e c tro m e te r .
S o lv e n t s : D ie th y l  e t h e r  u sed  f o r  G r ig n a rd  r e a c t i o n s
was d r ie d  o v e r  sodium  w ire  and th e n  d i s t i l l e d  from  l i th iu m  
alum inum  h y d r id e  j u s t  b e f o re  u s e .  P en tan e  was p u r i f i e d  by 
p e r c o l a t i o n  th ro u g h  a  s i l i c a  g e l  colum n.
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P r e p a r a t io n  o f  M o n o d eu te ra ted  ex o -2 -C h lo ro n o rb o rn a n e . 
D eu te riu m  c h l o r id e ,  g e n e ra te d  by th e  d ro p w ise  a d d i t i o n  o f  
f r e s h l y  d i s t i l l e d  p h o sp h o ru s  t r i c h l o r i d e  (91.5% , 0 .6 7  m ol) 
t o  d e u te r iu m  o x id e  (40 g ,  2 .0  m ol, 99.87> d e u t e r a t e d ) ,  was 
p a s s e d  i n t o  a  w e l l - s t i r r e d  s o lu t io n  o f  n o rb o rn e n e  (7 0 .6  g , 
0 .7 5  m ol) in  p e n ta n e  (250 m l) a t  - 7 8 ° .  A f te r  a l l  th e  p h o s­
p h o ru s  t r i c h l o r i d e  had b een  added t o  th e  D2O, th e  m ix tu re  
was h e a te d  u n t i l  DC1 was no lo n g e r  e v o lv e d .
The r e a c t i o n  m ix tu re  was a llo w ed  t o  warm t o  room 
te m p e ra tu re  o v e r n ig h t .  I t  was th e n  washed w ith  0 .1  M sodium  
b ic a r b o n a te  s o lu t io n  ( u n t i l  n e u t r a l  t o  l i tm u s )  and two 50 m l 
p o r t i o n s  o f  w a te r  b e f o re  d r y in g  (MgSO^). The p e n ta n e  s o lu ­
t i o n  was c o n c e n t r a te d ,  and th e  c o n c e n tr a te  was d i s t i l l e d  
th ro u g h  a  V ig re u x  colum n t o  g iv e  80 g (81%) o f  m o n o d e u te ra te d  
e x o -2 -c h lo ro n o rb o rn a n e  a s  a  c o l o r l e s s  l i q u i d ,  bp 49° (12 mm); 
i r  ( n e a t )  2865 , 2960 cm ^ (C -H ), 2180 cm ^ (C -D ). The sam ple 
was p u re  a s  e s t a b l i s h e d  by g lp c  a n a ly s i s  on a  3 f t  P y rex  
colum n o f  20% Carbowax 20 M on chrom osorb  W (a c id  w ashed) a t  
125° and 7 p s i  ( r e t e n t i o n  t im e ,  1 .9  m in ) . The c h lo r id e  was
a n a ly z e d  f o r  d e u te r iu m  c o n te n t  by s e v e r a l  m e th o d s . F a l l i n g  
19d ro p  a n a l y s i s  and th e  220 MHz nmr sp ec tru m  in d ic a te d  th e  
p re s e n c e  o f  one d e u te r iu m  atom  p e r  m o le c u le , w h ile  m ass s p e c ­
t r a l  a n a l y s i s  showed 0 .9 4 -0 .9 5  d e u te r iu m  atom . The 220 MHz
nmr sp e c tru m  was v i r t u a l l y  i d e n t i c a l  w ith  t h a t  r e p o r te d  by
17Brown and Mclvor.
D e h y d ro h a lo g e n a tio n  o f  M on o d eu te ra ted  ex o -2 -C h lo ro -  
n o rb o rn a n e .15  P o ta s s iu m  (3 g ,  0 .0 7 5  m ol) was in tro d u c e d  
s lo w ly  u n d e r  n i t r o g e n  i n t o  a  d ry  f l a s k  c o n ta in in g  3 -m e th y l-  
3 ~ p e n ta n o l (51 g ,  0 .5  m ol) and eq u ip p ed  w i th  a  c o n d e n se r  and 
m a g n e tic  s t i r r e r .  As th e  c o n c e n t r a t io n  o f  p o ta s s iu m  a lk o x id e  
in c r e a s e d ,  th e  s o lu t i o n  a c q u ir e d  a  re d d ish -b ro w n  h u e , and th e  
e v o lu t io n  o f  h y d ro g en  became l e s s  v ig o ro u s .  C o m p le tio n  o f
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r e a c t i o n  was e f f e c t e d  by h e a t in g .
M o n o d eu te ra ted  ex o -2 -c h lo ro n o rb o rn a n e  (6 .6  g , 0 .0 5  
m ol) was added  a l l  a t  once t o  th e  s o lu t io n  o f  p o ta s s iu m  a l -  
k o x id e ,  and th e  m ix tu re  was th e n  r e f lu x e d  u n d e r  n i t r o g e n  f o r  
one h o u r .  R e f lu x in g  was th e n  c o n tin u e d  f o r  a  t o t a l  o f  17 h r  
w h ile  sw eep ing  c o n t in u o u s ly  w i th  n i t r o g e n .  The n o rb o rn e n e  
(0 .6  g ) w h ich  form ed was s c ra p e d  from  th e  in n e r  s u r f a c e  o f  
th e  c o n d e n se r  and from  th e  tu b e  le a d in g  i n t o  a  t r a p  c o o le d  
w i th  a  D ry - Ic e  i s o p r o p y l  a lc o h o l  m ix tu re .
G lpc a n a ly s i s  o f  an  e t h e r  s o lu t io n  o f  th e  c o l l e c t e d  
n o rb o rn e n e  on column A a t  158° and a  120 m l/m in  He flo w  r a t e  
i n d i c a t e d  th e  p re se n c e  o f  l e s s  th a n  1% 3 -m e th y l-3 -p e n ta n o l .  
A n a ly s is  f o r  d e u te r iu m  c o n te n t  by low v o l ta g e  m ass s p e c t r o s ­
copy r e v e a le d  0 .4 6  d e u te r iu m  atom  p e r  m o le c u le .
Preparation of the Grignard Reagent from Monodeuter-
a te d  e x o -2 -C h lo ro n o rb o rn a n e . Magnesium ( 2 .4  g , 0 .1  m ol)
was p la c e d  i n t o  a  d ry ,  ro u n d -b o tto m e d , th re e -n e c k e d  f l a s k
e q u ip p e d  w i th  a d ry  c o n d e n se r  and a  m a g n e tic  s t i r r e r .  D ry
e t h e r  (30 m l) and m o n o d e u te ra te d  ex o -2 -c h lo ro n o rb o rn a n e  (4 g ,
0 .0 3  m o l; 30% o f  t o t a l  amount u se d )  w ere p la c e d  in  th e  f l a s k
and a llo w e d  t o  s ta n d  u n d is tu r b e d  f o r  0 .7 5  h r  a f t e r  w hich  a
c lo u d in e s s  a p p e a re d . The m ix tu re  was th e n  s t i r r e d ,  and th e
r e a c t i o n  b e g a n . The re m a in d e r  o f  th e  c h lo r id e  (9 g ,  0 .0 7
m o l) ,  a s  th e  n e a t  l i q u i d ,  was th e n  added d ro p w ise  t o  th e
r e a c t i o n  m ix tu re .  Once th e  r e a c t i o n  c e a s e d ,  d ry  e th e r  (40
m l) was a d d ed , and th e  m ix tu re  was r e f lu x e d  u n d e r n i t r o g e n
for two hours. The ethereal Grignard solution was then
pumped th ro u g h  a f r i t t e d  g l a s s  f i l t e r  i n t o  a  d r y ,  ro u n d -
b o tto m e d , th re e -n e c k e d  f l a s k  f i l l e d  w i th  n i t r o g e n .  T i t r a t i o n
o f  an a l i q u o t  o f  th e  f i l t e r e d  r e a g e n t  w i th  1 M 2 -b u ta n o l  in  
21x y le n e  in d ic a te d  t h a t  th e  G rig n a rd  r e a g e n t  had been  p r o ­
duced  in  96% y i e l d .
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R e a c tio n  o f  Benzophenone w ith  th e  G rig n a rd  R eagen t
from  M o n o d eu te ra ted  ex o -2 -C h lo ro n o rb o rn a n e . The f l a s k  co n ­
t a i n i n g  th e  G rig n a rd  r e a g e n t  was eq u ip p ed  w ith  a  d ry  conden­
s e r ,  a  c o o lin g  b a th  ( 0 ° ) ,  and a  m a g n e tic  s t i r r e r .  Benzophen­
one (8 g ,  0 .0 4 4  m ol) d is s o lv e d  in  d ry  e t h e r  (40 m l) was 
added  to  th e  c o ld ,  f i l t e r e d  G rig n a rd  r e a g e n t .  The r e a c t io n  
was c h a r a c t e r iz e d  by th e  im m ediate  ap p e a ra n c e  o f  a  re d  c o lo r  
w h ich  fad ed  a s  a  w h ite  p r e c i p i t a t e  fo rm ed . Twenty m in u te s  
a f t e r  th e  a d d i t i o n  o f  benzophenone, th e  c o ld  r e a c t i o n  m ix tu re  
was f i l t e r e d  th ro u g h  a  f r i t t e d  g l a s s  f i l t e r  i n t o  a  d r y ,  
ro u n d -b o tto m e d , th re e -n e c k e d  f l a s k  f i l l e d  w ith  n i t r o g e n  and 
c o o le d  to  - 7 8 ° .  An an hydrous e t h e r  w ash o f  th e  s o l i d  re m a in ­
in g  b eh in d  was a l s o  pumped in t o  th e  f l a s k .
The s o l i d  d iphenylm ethoxym agnesium  c h lo r id e  on th e  
f r i t t e d  g l a s s  f i l t e r  was h y d ro ly z e d  w ith  s a tu r a t e d  ammonium 
c h lo r id e  s o lu t i o n .  The r e s u l t i n g  m ix tu re  was e x t r a c t e d  
s e v e r a l  t im e s  w i th  e t h e r ,  and th e  com bined e x t r a c t s  w ere 
d r i e d  (MgSO^). The e t h e r  s o lu t io n  was c o n c e n tr a te d  hy d i s ­
t i l l a t i o n  a t  a tm o sp h e r ic  p r e s s u r e .  From a  s o lu t io n  o f  th e
r e s i d u a l  o i l  in  p e tro le u m  e t h e r ,  4 .0  g o f  b e n z h y d ro l c r y s -
27t a l l i z e d  a s  a  w h ite  s o l i d ,  mp 65-66° [ l i t .  f o r  b e n z y h y d ro l 
mp 6 8 ° ] ;  i r  ( n u jo l  and h a lo c a rb o n  m u lls )  2240 cm 1 (C -D ),
3220 cm"1 (OH); nmr (CCl^) 8 3 .5 5  ( s ,  1 , 0 -H ), 5 .4 8  ( s ,
0 .4 6 ,  C -H ), 7 .1 2  ( s ,  1 0 , P h ) .
G lpc a n a ly s i s  o f  an e t h e r  s o lu t i o n  o f  th e  b e n z h y d ro l 
on colum n A a t  210° and a  120 m l/m in  He f lo w  r a t e  in d ic a te d  
th e  p re s e n c e  o f  a  s m a ll  amount o f  benzophenone. D eu te riu m  
c o n te n t  o f  th e  b e n z h y d ro l a s  d e te rm in e d  by mass s p e c t r a l  
a n a ly s i s  was 0 .5 4  d e u te r iu m  atom p e r  m o le c u le ,  th e  same as  
t h a t  found by nmr u s in g  th e  p h e n y l p ro to n s  as  an i n t e r n a l  
i n t e g r a t i o n  r e f e r e n c e .  C om parison o f  th e  nmr s p e c t r a  o f  
benzophenone and b e n z h y d ro l showed t h a t  th e  a ro m a tic  p ro to n s
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o f  th e  fo rm er a b so rb  f u r t h e r  d o w n fie ld  th a n  th o s e  o f  th e  
l a t t e r ,  so  t h a t  th e  p re se n c e  o f  a  sm a ll  amount o f  benzophenone 
in  th e  sam ple w ould n o t  i n t e r f e r e  w ith  th e  d e u te r iu m  a n a l y s i s .
C a rb o n a tio n  o f  th e  R em aining G rig n a rd  R e a g e n t. The 
G rig n a rd  r e a g e n t  was c a rb o n a te d  im m ed ia te ly  a f t e r  f i l t r a t i o n  
from  th e  d ipheny lm ethoxym agnesium  c h lo r id e .  An e x c e s s  o f  
c ru sh e d  D ry - Ic e  was added s lo w ly  from  a  f l a s k  a t ta c h e d  to  
Gooch tu b in g  t o  th e  unconsum ed G rig n a rd  r e a g e n t .  The f l a s k  
c o n ta in in g  th e  r e a g e n t  was eq u ip p ed  w ith  a  co n d e n se r  and a  
m e c h a n ic a l s t i r r e r .  Once a l l  th e  D ry -Ic e  had been  ad d ed , 
th e  r e a c t i o n  m ix tu re  was a llo w e d  to  a t t a i n  room te m p e ra tu re  
o v e r n ig h t .
The m ix tu re  was th e n  t r e a t e d  w ith  6 N h y d r o c h lo r ic  
a c id  u n t i l  two c l e a r  l a y e r s  s e p a r a te d .  The aqueous l a y e r  
was e x t r a c t e d  s e v e r a l  t im e s  w ith  e t h e r ,  and th e  e x t r a c t s  
w ere com bined w ith  th e  o rg a n ic  l a y e r .  The y i e l d  o f  n o rb o rn y l  
a c id  was 62% o f  th e  t h e o r e t i c a l  amount as  d e te rm in e d  by 
t i t r a t i o n  o f  an a l i q u o t  o f  th e  e t h e r e a l  s o lu t i o n  in  65%, 
m e th a n o l w i th  a s ta n d a rd iz e d  sodium  h y d ro x id e  s o lu t i o n  (p h en - 
o l p h t h a l e i n  e n d - p o in t ) .  The s o lu t io n  o f  n o rb o rn y l  a c id  was 
th e n  e x t r a c t e d  w i th  t h r e e  50 ml p o r t io n s  o f  2 N sodium  
h y d ro x id e  s o lu t io n  and one 50 ml p o r t io n  o f  w a te r .  The com­
b in e d  b ase  e x t r a c t s  w ere h e ld  f o r  th e  m e th y la t io n  s t e p .
R e a c tio n  o f  N o rb o rn y l A cid  w ith  D iazo m eth an e . D ia -
28zom ethane was p re p a re d  from  D ia z a ld  (2 1 .5  g ,  0 .1  m o l) .
J u s t  p r i o r  t o  th e  r e a c t i o n  w ith  d ia z o m e th a n e , th e  
n o rb o rn y l  a c id  was l i b e r a t e d  from  th e  sodium  s a l t  by a c i d i f i ­
c a t i o n  and e x t r a c t i o n  w i th  e t h e r .  E s t e r i f i c a t i o n  was accom­
p l i s h e d  by th e  d ro p w ise  a d d i t i o n  o f  th e  d r ie d  n o rb o rn y l  a c id  
s o lu t i o n  t o  e x c e s s  d iazo m eth an e  a t  0 ° .  The m ix tu re  was 
a llo w e d  to  s ta n d  u n t i l  n i t r o g e n  was no lo n g e r  e v o lv e d , and 
was th e n  t r e a t e d  w ith  3 M s u l f u r i c  a c id  u n t i l  th e  d i s a p p e a r ­
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ance o f  th e  y e llo w  c o l o r .  The two l a y e r s  w ere s e p a r a te d ,  
and th e  aqueous la y e r  was e x t r a c te d  s e v e r a l  t im e s  w i th  e t h e r .  
The e x t r a c t s  w ere com bined w ith  th e  o rg a n ic  l a y e r ,  w ashed 
w ith  two 50 m l p o r t io n s  o f  0 .0 5  M sodium  c a rb o n a te  s o l u t i o n ,  
and th e n  d r i e d  (MgSO^). The e t h e r e a l  s o lu t io n  was co n cen ­
t r a t e d  by d i s t i l l a t i o n  a t  a tm o sp h e r ic  p r e s s u r e .
G lpc a n a ly s i s  o f  th e  r e s i d u a l  o i l  on colum n A a t  162° 
and a  120 m l/m in  He f lo w  r a t e  gave one p ea k  w i th  a  r e t e n t i o n  
tim e  o f  9 .5  m in . An a u th e n t i c  sam ple o f  th e  m e th y l e s t e r  o f  
u n d e u te r a te d  endo- n o rb o rn a n e -2 -c a rb o x y l ic  a c id  gave one p eak  
w ith  th e  same r e t e n t i o n  t im e , w h ereas a m ix tu re  o f  th e  endo 
and exo  iso m ers  gave a  second  p eak  a t  1 2 .0  m in . A n a ly s is  
o f  th e  o i l  was r e p e a te d  u s in g  column B a t  120° and 60 m l/m in . 
One p eak  was o b se rv ed  a t  73 m in , th e  r e t e n t i o n  tim e  o f  th e  
endo iso m er u n d e r  th e s e  c o n d i t io n s .
R e a c tio n  o f  th e  G rig n a rd  R eagen t from  M o n o d eu te ra ted  
e x o -2 -C h lo ro n o rb o m a n e  w i th  E x c ess  B enzophenone. The 
G rig n a rd  r e a g e n t  was p re p a re d  in  93% y ie ld  from  m o n o d eu te ra ­
te d  e x o -2 -c h lo ro n o rb o rn a n e  (1 3 .1  g ,  0 .1  m ol) and t r i p l y  su b ­
lim ed  m agnesium  (2 .4  g , 0 .1  m ol) in  th e  m anner d e s c r ib e d  
a b o v e .
Benzophenone (32 g ,  0 .1 7 6  m ol) in  so d iu m -d rie d  e t h e r  
(80 m l) was added q u ic k ly  (5 m in) to  th e  f i l t e r e d  G rig n a rd  
r e a g e n t  (0 .0 8 8  m ol) c o n ta in e d  i n  a  ro u n d -b o tto m ed  f l a s k  
c o o le d  to  0° and eq u ip p ed  w ith  c o n d e n se r  and m ag n e tic  s t i r r e r . .  
A deep  re d  c o lo r  ap p ea re d  and a  w h ite  s o l i d  p r e c i p i t a t e d .
A f te r  20 m in th e  r e a c t i o n  m ix tu re ,  s t i l l  d e e p ly  r e d ,  was 
f i l t e r e d .
The solid diphenylmethoxymagnesium chloride was 
washed with ether and then hydrolyzed with saturated ammonium 
chloride solution. The mixture was extracted with ether, 
and the combined extracts were dried (MgSO^). Concentration
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o f  th e  e t h e r e a l  s o lu t io n  y ie ld e d  a  s o l i d  w hich  m e lte d  a t  67- 
69° a f t e r  r e c r y s t a l l i z a t i o n  from  p e tro le u m  e t h e r .  The nmr 
sp e c tru m  in d ic a te d  th e  p re se n c e  o f  0 .5 5  d e u te r iu m  atom p e r  
m o le c u le .
P r e p a r a t io n  o f  a  M ix tu re  o f  e x o -  and en d o -M ethy l 
N o r b o m a n e -2 - c a r b o x y la te s . The G rig n a rd  r e a g e n t  was p r e ­
p a re d  from  ex o -2 -c h lo ro n o rb o m a n e  (13 g ,  0 .1  m ol) and d o u b ly  
su b lim ed  m agnesium  (2 .4  g ,  0 .1  m ol) i n  66% y ie ld  fo llo w in g  
th e  p ro c e d u re  u se d  f o r  th e  p r e p a r a t io n  o f  th e  G rig n a rd  r e a ­
g e n t  from  th e  d e u te r a te d  c h lo r id e .  The r e a g e n t  was th e n  
c a rb o n a te d  t o  g iv e  5 .2  g (62%) o f  n o rb o rn y l  a c id s  w h ich  w ere 
e s t e r i f i e d  w i th  d iazo m eth an e  w ith o u t  p r i o r  d i s t i l l a t i o n .
P r e p a r a t io n  o f  M ethy l endo-N o rb o rn an e - 2 - c a r b o x y la te . 
The G rig n a rd  r e a g e n t  was p re p a re d  in  72% y i e l d  from  e x o -2- 
c h lo ro n o rb o rn a n e  (13 g ,  0 .1  m ol) and t r i p l y  su b lim ed  m agnesium  
(2 .4 3  g ,  0 .1  m o l) .  The r e a g e n t  (0 .0 7 2  m ol) was t r e a t e d  w ith  
h a l f  th e  s to ic h io m e t r i c  amount o f  benzophenone (6 .5  g ,  0 .0 3 6  
m ol) in  th e  m anner d e s c r ib e d  ab o v e . C a rb o n a tio n  o f  th e  u n ­
consumed r e a g e n t  le d  to  th e  d e s i r e d  e n d o -n o rb o rn a n e -2 -  
c a r b o x y l ic  a c id ,  w hich  was c o n v e r te d  t o  th e  c o r re s p o n d in g  
e s t e r  w i th  d ia z o m e th a n e .
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